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ABSTRACT 
 
The Effect of Breastfeeding on Children’s Cognitive and 
Noncognitive Development 
 
This paper uses propensity score matching methods to investigate the relationship between 
breastfeeding and children’s cognitive and noncognitive development. We find that 
breastfeeding for four weeks is positively and statistically significantly associated with higher 
cognitive test scores, by around one tenth of a standard deviation. The association between 
breastfeeding and noncognitive development is weaker, and is restricted to children of less 
educated mothers. We conclude that interventions which increase breastfeeding rates would 
improve not only children’s health, but also their cognitive skills, and possibly also their 
noncognitive development. 
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2
The Effect of Breastfeeding on Children’s Cognitive and Noncognitive Development∗ 
 
 
The most valuable of all capital is that invested in human beings; and of that capital the most 
precious part is the result of the care and influence of the mother. 
 Alfred Marshall (1890), Paragraph VI.IV.11. 
1 Introduction 
This paper examines the relationship between breastfeeding and children’s later cognitive and 
noncognitive outcomes. This is a topic of considerable importance for policy in the UK: the World Health 
Organization recommends breastfeeding exclusively for six months and alongside solid foods for two years, but 
in the UK, barely one in three infants is exclusively breastfed during the first four months of life. Given the 
increasing recognition of the importance of very early interventions in children’s development and later 
outcomes; and given the huge social gradient in breastfeeding rates, with the most privileged mothers currently 
being many times more likely to breastfeed than the least privileged mothers, breastfeeding may well be a 
significant route for the intergenerational transmission of human capital. Recent research shows a significant 
impact of behavioural and psycho-social outcomes on earnings and education (Duncan and Dunifon 1998; 
Heckman et al. 2006; Mueller and Plug 2006). Differences in children’s cognitive development emerge at early 
ages (Illsey 2002; Feinstein 2003; Cunha et al. 2010), and the importance of timely parental investments (pre-
natal as well as post-natal) is increasingly recognized as a major factor in fostering child development 
(Carneiro and Heckman 2003; Del Bono et al. 2008). A fuller understanding of the relationship between 
breastfeeding and various aspects of child development is therefore crucial for an understanding of the 
intergenerational transmission of inequality, and for policy-making aimed at reducing inequality.  
 
There is a well-established association between breastfeeding and a range of positive health outcomes 
in children, such as a lower incidence of asthma and middle ear and urinary tract infections (Dyson et al., 
2006). A smaller body of research also shows breastfeeding to be related to better gross motor development 
(Sacker et al., 2006), and improved cognitive ability (Anderson et al., 1999). Other potential effects of 
breastfeeding, such as cognitive and noncognitive outcomes of the type investigated here, are much less well 
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researched. Despite the growing literature in this area, scientists' understanding of the mechanisms behind these 
observed relationships remains incomplete. One theory is that, several components of breast milk (notably 
long-chain polyunsaturated fatty acids,which accumulate in the brain and retina) may affect cognitive 
development via their effects on neural development. (Innis, 2004; Petryk et al., 2007). In the case of the non-
cognitive outcomes discussed in this paper, the effect of sensory stimuli on the development of the nervous 
system may be crucial. It has been suggested that the skin-to-skin contact between mother and infant inherent 
in breastfeeding forms an important stimulus to the child (Britton et al., 2006). Breastfeeding also releases 
hormones in the mother, which are believed to be related to nurturing behaviour (Petryk et al., 2007). Recently, 
research in the emerging field of epigenetics shows that breastfeeding induces genetic pathways related to 
responses to stress (Weaver et al., 2004) or intestinal health (Chapkin et al., 2010) which are quite different 
from those in non-breastfed individuals. 
One problem which arises in considering the relationship between breastfeeding and later outcomes is 
the difficulty of identifying whether the observed relationships are causal, as opposed to arising because 
breastfeeding is more likely to be practiced by mothers whose characteristics (higher social class, higher IQ, 
higher levels of human capital, higher motivation etc) favour more positive outcomes. For ethical and practical 
reasons, the implementation of randomized trials is usually not an option in this area of research (although 
experiments which randomize the provision of facilities to promote breastfeeding are feasible, as discussed by 
Kramer et al. 2001 and Kramer et al. 2008). It is only relatively recently that researchers have made systematic 
attempts to address these issues of causality. The most widely practiced method in the literature is to include a 
vast array of control variables in the outcome regressions (Rothstein 2011, Heikkila et al 2011, Quigley et al. 
2011, Belfield and Kelly 2010, Denny and Doyle 2010, Gibson-Davis and Brooks-Gunn 2006). Some other 
papers study sibling pairs to control for unobserved family characteristics (Rothstein 2011, Belfied and Kelly 
2010, Rees and Sabia 2009, Der et al 2006, Evenhouse and Reilly 2005). Another approach is to use an 
instrumental-variables technique. Rosthstein (2011) uses State breastfeeding rates and laws about breastfeeding 
in public as instruments; Del Bono and Rabe (2011) use whether the hospital where the child was born 
participated in a breastfeeding promotion program; Denny and Doyle (2010) use whether the birth was via c-
section; and Belfield and Kelly (2010) use caesarean birth, mother’s smoking and alcohol consumption, and 
county-level variables regarding health care and social assistance.  
In this paper we follow a fourth approach, which involves controlling for selection on observables with 
propensity score matching techniques. To our knowledge only four very recent papers use this method in an 
attempt to identify causal effects of breastfeeding on children outcomes (Rothstein 2011, Jiang et al 2011, 
McCrory and Layte 2011, Belfield and Kelly 2010). PSM involves “twinning” each breastfed baby with one or 
more babies who were not breastfed, but who in all other observable respects are similar to the breastfed baby. 
In this way, we effectively simulate an experiment by creating matched “treatment” and “control” samples, 
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composed respectively of women who do and who do not breastfeed, but who are identical in every other 
observable respect (Rosenbaum and Rubin 1983a). If matching is perfect, differences in mean outcomes 
between both samples may be used as estimates of the causal effect of breastfeeding. One advantage of PSM 
over regression analysis is that PSM is non-parametric. Matching neither imposes functional form restrictions 
such as linearity on the outcome equations nor assumes a homogeneous treatment effect across the population. 
Both assumptions are usually unjustified either by economic theory or by the data (Zhao 2008). 
The data we use come from the Avon Longitudinal Study of Parents and Children (ALSPAC). 
ALSPAC contains a particularly rich set of variables on infant feeding, from which we may establish the 
duration of breastfeeding and of exclusive breastfeeding; the stage at which formula milk, animal milks and 
solid foods were introduced; and the types of supplementary foods which were introduced. However, the 
feature of ALSPAC which makes this data particularly attractive for the implementation of PSM is the fact that 
parents were interviewed several times prior to the birth of their children, and data collected on their attitudes to 
breastfeeding and whether they themselves had been breastfed as babies. The data are discussed in Section 2. 
The data are thus particularly well suited for PSM, which rests on the assumption that the important factors 
affecting an individual’s choice to breastfeed are observable, and that there is no significant selection on 
unobservables1. The very rich data we use mean that we are able to implement matching to a very high 
standard, and thus, that the risk of bias caused by unobservable heterogeneity is low. 
We find that breastfeeding is strongly related to children’s cognitive outcomes. This is statistically 
significant, and stands at around one twentieth of a standard deviation at age five, and on average a little over 
one tenth thereafter. It persists over time, and is common across all the cognitive measures we examine. PSM 
estimates tend to be slightly lower than OLS estimates controlling for the same set of background variables. 
This suggests that not taking into account the selection effect of breastfeeding may overestimate the actual 
returns to breastfeeding, but in this case only very slightly. We find little evidence of a significant relationship 
between breastfeeding and noncognitive outcomes. If anything, breastfeeding appears to be associated with an 
increase in behavioural problems for very small children; to the extent that there is a positive relationship, it is 
found later in children’s lives, and is found predominantly in the children of lower-educated mothers.  
When considering breastfeeding duration with generalized propensity score (GPS) and OLS methods, 
we find important nonlinearities, in relation to both cognitive and noncognitive outcomes. For cognitive 
outcomes, we observe a marked dose-response relationship, with a strong association between breastfeeding 
and improved cognitive outcomes for the first few months of breastfeeding, becoming flatter at longer 
                                                 
1
 Thus, PSM differs importantly from Instrumental Variable methods, which rely on the assumption that unobservables are 
important and difficult to control for regardless of how precise the information on the individual and her environment is. 
IV is often difficult to implement in the study of breastfeeding, due to a lack of suitable instruments. Nevertheless, 
selection on observables is a strong assumption and we discuss its plausibility at length below. 
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durations. For noncognitive indicators, by contrast, we find that the first few months of breastfeeding are not 
strongly associated with improved outcomes, but that an association emerges at durations longer than two or 
three months. Overall, we find a very robust positive relationship between breastfeeding and cognitive 
outcomes, which is consistent for different definitions of breastfeeding; in the noncognitive case, the 
relationship is less robust, and observable only for children of lower educated mothers and for older children 
breastfed for at least two months.  
This paper makes at least two significant contributions to a growing literature on breastfeeding. First, in 
contrast to other papers studying the relationships between breastfeeding and cognitive and noncognitive abilities, 
which are usually based on a single breastfeeding variable, we use the rich information in the ALSPAC data to 
construct several measures of breastfeeding: initiation, duration of breastfeeding, exclusive breastfeeding, 
formula-feeding at birth, and the introduction of supplementary foods. We are thus able to investigate whether 
exclusivity or duration of breastfeeding, or both, are decisive in children’s development. To our knowledge, none 
of the previous studies has analyzed the introduction of unsuitable foods or used the duration of breastfeeding as a 
continuous measure, allowing for nonlinearities. Our second contribution is that this is the first study to analyse a 
wide set of both cognitive and noncognitive outcomes over the long term (up to 14 years of age). We use a 
longitudinal data set where both cognitive and noncognitive outcomes are observed repeatedly. Only Del Bono 
and Rabe (2011) and Belfield and Kelly (2010) consider noncognitive outcomes together with cognitive 
measures, but with a much smaller age range, 3 to 7 year olds, in the first case, and 1 to 4, in the second. The only 
other study following children for a comparably long period of time is that of Oddy et al. (2010), who analyze 2 to 
14 year-olds, but they consider a more limited number of outcomes related to mental health.  
This paper is organized as follows. The data are discussed in Section 2. Baseline results and 
heterogeneity are considered in Section 3. Section 4 examines possible deviations from the Conditional 
Independence Assumption (CIA), Section 5 explores the sensitivity of results to different breastfeeding 
measures, and Section 6 concludes.  
2 Data and descriptive statistics 
The Avon Longitudinal Survey of Parents and Children (ALSPAC) is a longitudinal study of around 
12,000 children born in the Avon area in the early 1990s (Golding et al. 2001; Gregg et al. 2005). Mothers were 
recruited into the sample at the point at which they first reported their pregnancy to their doctors. Data were 
collected at four points during pregnancy and at several points following birth – from both parents, from the 
child him/herself, and from the child’s teacher and school. Topic areas covered include physical and mental 
health, socioeconomic status, and child development; school-level data and children’s test results are available 
via merged records. Ethical approval for this study was obtained from the ALSPAC Law and Ethics Committee 
and the Local Research Ethics Committees. 
  
6
2.1 Sample 
For our analysis, we consider a sample of children in the “core sample” of ALSPAC. This sample 
consists of 14,541 pregnancies that resulted in 14,676 known foetuses of which 14,062 were live births and 
13,988 were alive at one year. 2 The number of children for which the mother enrolled in the ALSPAC study 
and had either returned at least one questionnaire or attended a “Children in Focus” clinic by 19/07/99, and 
returned at least one post-birth questionnaire is 12,268. We employ a maximizing strategy with respect to 
sample size which implies using as many observations as possible for each outcome measure potentially 
affected by breastfeeding. Sample sizes thus vary depending on the outcome measure actually used. Table A.1 
in the Appendix shows the effect of the different sample selections on sample size and the distribution of 
selected variables. Overall the different samples retain the main sample representativeness. We acknowledge, 
nonetheless, a slight decrease in the proportion of breastfed children, together with a decrease in the proportion 
of high educated mothers, in the sample used in the Entry Level cognitive assessment, and a slight increase in 
the proportion of breastfed children, together with a minor increase in the proportion of high-educated mothers, 
in the sample used in the 42-months noncognitive evaluation. In comparative terms, the representativeness of 
these samples that correspond to young children (five- and three-and-a-half-years-old, respectively) is not as 
satisfactory as the accuracy of the samples that consider older children. 
2.2 Main variables 
The cognitive outcome variables used in this paper are Standard Attainment Test (SATs) scores3 at 
ages 7, 11 and 144, and the results of school entry tests at age 5. All scores are standardized to have mean zero 
and standard deviation 1; thus, all the results we present may be interpreted as proportions of a standard 
deviation. In the UK, children generally start school in the September following their fourth birthday, and move 
up a school year every September. During the years when the ALSPAC cohort were in school, pupils’ progress 
was monitored by compulsory SATs tests, administered at the end of each of the “Key Stages” in schools (See 
Table 1). When the ALSPAC cohort entered school there were no national compulsory entry assessments. 
However, the four Local Education Authorities covering the former Avon area (Bristol, South Gloucestershire, 
Bath & North East Somerset and North Somerset) all used the same entry assessment scheme, which was used 
by 80% of the local state schools.  
 
                                                 
2
 For reasons of confidentiality data on the 13 triplet and quadruplet children were not available for analysis. 
3
 Scores were matched to ALSPAC data from the National Pupil Database (NPD), a central repository for pupil level 
educational data established in 2002, which assigns every pupil in England a Unique Pupil Number (UPN).  
4
 SATs are also taken at age 16. However, we do not consider these in this paper, since not all the children in our sample 
took the same national test at this point.  
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Table 1: Structure of UK schools and testing procedures 
Class   Age   Key Stage   Tests 
--   3 - 4      -- 
Reception  4 – 5  Foundation  Local entry assessments 
Year 1   5 - 6      -- 
Year 2   6 – 7  1   National tests and tasks in English and Maths 
Year 3   7 - 8      -- 
Year 4   8 – 9     --  
Year 5   9 - 10      -- 
Year 6   10 – 11  2   National tests in English, Maths and Science 
Year 7   11 - 12      -- 
Year 8   12 - 13      -- 
Year 9   13 – 14  3   National tests in English, Maths and Science 
Year 10   14 - 15      Some children take GCSEs 
Year 11   15 – 16  4   Most children take GCSEs, GNVQs etc. 
Source: Department for Children, Schools and Families (DCSF) at http://www.dfes.gov.uk/ 
 
The entry-level assessment covers eight areas, of which four (language, reading, writing and 
mathematics) relate to cognitive development and four to non-cognitive development5. The KS1 battery 
consists of tasks in reading, reading comprehension, writing, spelling and mathematics. We report results for 
reading, writing and mathematics at entry level and KS1; at Key Stages 2 and 3, tests are administered in 
English, Maths and Science, and we report results in all of these areas. Scores are recorded on a scale of 2 to 7 
(entry level); 0 to 5 (KS1); and on more detailed ranges of marks at KS2 and KS3. 
The first set of non-cognitive outcome variables is derived from parental assessments at 42 months. When 
the child was about three and a half years old, parents were asked to assess their child on different dimensions 
following the Revised Rutter Parent Scale for Preschool Children, which is an extension of the Rutter behaviour 
scale (Elander and Rutter 1996). Parents were given descriptions of children, and were asked to tick the box that best 
described their child. For example, to the statement “Tends to do things on his own, rather solitary” parents were 
given the choice of answering “yes certainly”, “yes sometimes”, and “no”. There were a total of 43 such questions; 
responses were aggregated by the ALSPAC team to create scores in five different domains: emotional difficulties, 
conduct difficulties, hyperactivity, behaviour difficulties, and prosocial behaviour (Golding et al. 2003). 
Another set of non-cognitive outcome variables come from the teacher version of the Strengths and 
Difficulties Questionnaire (SDQ) (Goodman, 1997), which the children’s class teachers were asked to complete 
when children were in Years 3 and 6 at school. Teachers were asked to think about the child’s behaviour over 
the past six months, and to tick the response which most closely corresponded to their impression of the child. 
For example, in answer to the question “Is [the child] considerate of other people’s feelings?” teachers could 
answer “not true”, “somewhat true”, “certainly true”. Scores on the five SDQ domains (emotional symptoms, 
                                                 
5
 We do not include results from these non-cognitive tests in our analysis, since assessment in these areas was voluntary and only a 
small fraction of the sample (25%) completed these tests. 
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conduct problems, hyperactivity, peer problems, and prosocial behaviour) were constructed as weighted sums 
of these variables (ALSPAC Study Team 2008a, 2008b); the scores we use are constructed on completed cases 
only.6 For all noncognitive scores except those measuring prosocial behaviour, higher scores indicate a greater 
incidence of problems. As with the cognitive outcomes, all scores are standardized to have mean zero and 
standard deviation 1; thus, all the results we present may be interpreted as proportions of a standard deviation. 
Most of the analysis in this paper is based on whether a mother is breastfeeding (at all) when her baby 
is four weeks old. This has a number of advantages. First, it splits the sample approximately in half, and 
provides reasonably large samples both of relatively privileged women who are not breastfeeding at four 
weeks, and of relatively less privileged women who are still breastfeeding at four weeks. It also largely 
circumvents the issue of solid food, as only a tiny percentage of babies are given solid food before four weeks 
old. Nevertheless we include a robustness check section (Section 6) in which other breastfeeding measures are 
analyzed.  
As a first approximation to our research question, Table 2 summarizes all outcome variables by 
breastfeeding status. Breastfeeding for at least four weeks is associated with more favourable outcomes on both 
cognitive and noncognitive measures.  
 
                                                 
6
 Only about 2% of the observations had some missing information in any of these scores. 
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Table 2 Descriptive statistics: outcome variables. 
 
 
 
 
  
Not breastfed at 4 
weeks   
Breastfed at 4 
weeks 
Co
gn
itiv
e
 
o
u
tc
o
m
e
s 
Ag
e
 
5 Reading -0.122 0.980   0.220 0.967 
Writing -0.077 0.998  0.166 0.962 
Maths -0.108 0.994   0.218 0.960 
Ag
e
 
7 Reading -0.050 1.003  0.176 0.944 
Writing -0.139 0.967  0.242 0.970 
Maths -0.133 0.999   0.232 0.935 
Ag
e 
11
 English -0.187 1.004  0.253 0.917 
Maths -0.181 1.012  0.248 0.918 
Science -0.201 1.016   0.285 0.875 
Ag
e
 
14
 English -0.194 0.971  0.272 0.962 
Maths -0.164 0.979  0.222 0.971 
Science -0.099 1.016   0.155 0.935 
No
n
-
co
gn
itiv
e
 
o
u
tc
om
es
 
Pa
re
n
ta
l 
a
ss
e
ss
m
en
t 4
2 
m
o
n
th
s 
Emotional Difficulties 0.052 1.025  -0.048 0.973 
Conduct Problems -0.008 1.014  -0.001 0.987 
Hyperactivity  0.056 1.008  -0.047 0.993 
Prosocial  0.011 1.009   -0.007 0.991 
Te
a
ch
er
 
a
ss
e
ss
m
en
t Y
ea
r 
3 
Emotional Symptoms 0.026 1.015  -0.062 0.953 
Conduct Problems 0.068 1.079  -0.119 0.832 
Hyperactivity  0.081 1.030  -0.135 0.927 
Peer problems 0.031 1.022  -0.064 0.955 
Prosocial  -0.034 1.007   0.070 0.977 
Te
a
ch
e
r 
a
ss
e
ss
m
en
t Y
ea
r 
6 
Emotional Symptoms 0.028 1.025  -0.071 0.927 
Conduct Problems 0.042 1.062  -0.117 0.828 
Hyperactivity  0.060 1.025  -0.134 0.921 
Peer problems 0.001 1.001  -0.035 0.978 
Prosocial  -0.001 0.992   0.048 0.982 
 Notes:  
The table shows means (standard deviations) by breastfeeding status at 4 weeks. Source: ALSPAC Data, core sample. 
 
2.3 Control variables 
A major advantage of ALSPAC is that it contains an extremely rich set of background variables, which 
allows the implementation of PSM to a very high standard. Table 3 presents the mean and standard deviations 
for our control variables by breastfeeding status (see Table A.2 in Appendix A for a precise definition of all 
control variables). Consistent with available literature (see for instance Imbens and Wooldridge 2009), only 
variables that may simultaneously influence the breastfeeding decision and the outcome variable are 
considered. In general, mothers who do not breastfeed when their babies are 4 weeks old have generally worse 
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pregnancy outcomes, worse health, belong to lower socio-economic groups and are more likely to be in a non-
marital relationship. Mothers (and fathers) of children who are breastfed have higher educational attainments. 
In particular, parents of breastfed babies are more likely to have a university degree or A-levels than parents of 
babies who were not breastfed at 4 weeks. So it is not clear that the association between breastfeeding and 
cognitive and noncognitive outcomes of Table 2 is entirely causal. If children from more advantaged 
households are also more likely to be breastfed (as shown by the positive correlation between maternal 
education and breastfeeding incidence in Table 3) and also perform better at these tests, either because of 
higher innate ability or because they are better trained for them, then the association between breastfeeding and 
cognitive and noncognitive outcomes shown in Table 2 might well be spurious.  
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Table 3: Descriptive statistics. Control variables 
 
 
Not breastfed at 4 
weeks 
 Breastfed at 4 weeks 
Pregnancy and 
birth 
Mother works at 18 weeks 0.572 (0.007)  0.662 (0.007) 
Gestation in weeks 39.321 (0.185)  39.517 (0.173) 
Mother's age at birth 27.021 (0.159)  29.454 (0.149) 
C-section 0.118 (0.004)  0.095 (0.004) 
Smoked previously 0.405 (0.007)  0.25 (0.006) 
Cigarettes at 32 w 3.205 (0.078)  1.269 (0.07) 
Previous alcohol consumption 0.903 (0.005)  0.939 (0.005) 
Alcoholic drinks at 8w 1.701 (0.07)  1.659 (0.065) 
Child 
characteristics  
at birth 
Female 0.477 (0.007)  0.491 (0.007) 
Twin 0.034 (0.002)  0.015 (0.002) 
Birth weight 3366.421 (17.006)  3443.19 (15.866) 
Head circumference 34.72 (0.161)  34.827 (0.15) 
Crown-heel length 50.488 (0.235)  50.76 (0.219) 
Mother’s health in 
pregnancy 
Mother bad health 1.82 (0.012)  1.716 (0.011) 
Locus/control score 4.87 (0.037)  3.814 (0.035) 
CC score at 32w 16.019 (0.132)  14.455 (0.119) 
EPND score at 32w 7.522 (0.077)  6.53 (0.07) 
Socio-economic 
variables 
Owner occupier 0.674 (0.006)  0.827 (0.006) 
Private rented 0.069 (0.004)  0.066 (0.003) 
Number of rooms 1.452 (0.014)  1.717 (0.013) 
Neighbourhood qual. 7.98 (0.049)  8.293 (0.045) 
Demographic 
variables 
White mother 0.91 (0.004)  0.941 (0.004) 
Mother cohabiting 0.239 (0.006)  0.167 (0.005) 
Mother single 0.039 (0.002)  0.018 (0.002) 
Father’s education Degree 0.089 (0.006)  0.294 (0.005) 
A-level 0.282 (0.007)  0.301 (0.006) 
O-level 0.261 (0.007)  0.217 (0.006) 
Vocational 0.119 (0.004)  0.074 (0.004) 
CSE 0.221 (0.005)  0.107 (0.005) 
Mother’s 
education 
Degree 0.049 (0.005)  0.213 (0.004) 
A-level 0.168 (0.006)  0.304 (0.005) 
O-level 0.418 (0.007)  0.335 (0.006) 
Vocational 0.143 (0.004)  0.071 (0.004) 
CSE 0.222 (0.005)  0.078 (0.005) 
Breastfeeding 
attitudes & 
intentions 
Mother was breastfed 0.462 (0.008)  0.669 (0.007) 
Father was breastfed 0.59 (0.01)  0.718 (0.009) 
Mother breastfeeding attitudes 14.318 (0.07)  17.57 (0.063) 
Father breastfeeding attitudes 14.387 (0.081)  16.445 (0.072) 
Notes:  
The table shows means (standard deviations) by breastfeeding status at 4 weeks. Source: ALSPAC Data, core sample. 
Source: ALSPAC Data, core sample. 
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3 Breastfeeding and child’s cognitive and non-cognitive development  
This section presents estimates of the relationship between breastfeeding and cognitive and non-
cognitive test scores using OLS and PSM estimation methods. We use the latter method to estimate two 
parameters of interest: the average treatment effect on the treated (ATT) and the average treatment effect on the 
untreated (ATU). If we consider D the treatment indicator; Y1 the outcome if treated (breastfed); and Y0 the 
outcome if untreated (not breastfed), the ATT measures the difference between the average outcome measure 
for babies who were breastfed, and the average outcome measure for the same group under the hypothetical 
scenario that they had not been breastfed, ATT=E(Y1|D=1)-E(Y0|D=1), and the ATU estimates the difference 
between the average outcome measure in the hypothetical case that they were breastfed, and the actual case in 
which they were not breastfed, ATU=E(Y1|D=0)-E(Y0|D=0).7 Compared to OLS, the advantage of using 
propensity score matching is that it is possible to determine how well the treatment and control groups overlap, 
that is, to assess the quality of the matching; given that this method is non-parametric estimates are therefore 
less sensitive to the choice of functional form in the model (Rosenbaum and Rubin 1983a; Dehejia and Wahba 
2002).  
Table 4 presents estimates of the relationship between breastfeeding and cognitive test scores using 
OLS and PSM estimation methods. The first specification includes very few additional controls – only the 
child’s sex and his or her age at the time of taking the test. The second specification adds in a range of variables 
indicating parental education, while the third specification controls for the full set of variables described in 
Section 2. Specifications (4) and (5) are the ATT and the ATU from the PSM regressions where all the controls 
used in Specification (3) are included.  
 
                                                 
7
 Under the assumption of homogeneous treatment effects ATT and ATU should give the same results. However, as 
Heckman et al. (1997) have shown, treatment effects are rarely homogeneous. We therefore report both sets of estimates. 
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Table 4: Breastfeeding and Cognitive outcomes. 
    (1) (2) (3) (4) (5) 
    OLS: Specific. 1 OLS: Specific.2 OLS: Specific. 3 PSM: ATT PSM: ATU 
 
 
 
 
 
En
try
 
le
ve
l Reading 0.328 *** 0.148 *** 0.079 *** 0.095 *** 0.082 ** (0.021)  (0.022)  (0.023)  (0.028)  (0.028)  
Writing 0.226 *** 0.085 *** 0.037  0.040  0.012  (0.021)  (0.022)  (0.024)  (0.028)  (0.031)  
Maths 0.307 *** 0.122 *** 0.049 * 0.052 * 0.040  (0.021)   (0.021)   (0.023)   (0.025)  (0.030)  
 
 
 
 
 
Ke
y 
St
ag
e
1 Reading 0.221 *** 0.108 *** 0.060 * 0.062 * 0.114 *** (0.025)  (0.025)  (0.027)  (0.030)  (0.033)  
Writing 0.363 *** 0.147 *** 0.078 *** 0.076 ** 0.097 *** (0.019)  (0.020)  (0.021)  (0.027)  (0.022)  
Maths 0.357 *** 0.157 *** 0.100 *** 0.098 ** 0.112 *** (0.019)  (0.020)  (0.021)  (0.031)   (0.027)   
 
 
 
 
 
Ke
y 
St
ag
e
 
2 English 0.420 *** 0.149 *** 0.098 *** 0.068 ** 0.122 *** (0.019)  (0.019)  (0.020)  (0.025)  (0.022)  
Maths 0.410 *** 0.151 *** 0.111 *** 0.102 *** 0.127 *** (0.019)  (0.019)  (0.021)  (0.023)  (0.026)  
Science 0.464 *** 0.200 *** 0.146 *** 0.119 *** 0.161 *** (0.019)   (0.019)   (0.020)   (0.020)  (0.023)  
 
 
 
 
 
Ke
y 
St
a
ge
3 English  
0.450 *** 0.174 *** 0.118 *** 0.115 *** 0.116 *** 
(0.020)  (0.020)  (0.021)  (0.028)  (0.027)  
Maths 0.368 *** 0.158 *** 0.118 *** 0.110 *** 0.137 *** 
(0.021)  (0.021)  (0.023)  (0.030)  (0.028)  
Science 0.245 *** 0.125 *** 0.106 *** 0.085 ** 0.115 *** 
(0.021)   (0.022)   (0.024)   (0.030)   (0.026)   
Notes:  
Columns 1, 2, and 3 show OLS regression coefficients of the different test scores on breastfeeding for at least 4 weeks. 
Specification 1 controls for the child’s age and sex. Specification 2 also controls for maternal education. Specification 3 
additionally includes the baby’s birth weight, crown-heel length, and head circumference; gestation and mode of delivery 
(vaginal or caesarean section); whether the child is twin; the mother’s age at birth; the mother’s race and marital status; the 
education levels of both parents, housing tenure, the size of the home, neighbourhood characteristics, whether the mother 
had been in care as a child, whether she had divorced parents, whether her carer died prematurely; the mother’s health, 
whether mother had smoked during pregnancy, the mother’s mental health; the mother’s labour market participation; and 
whether the mother and father had been breastfed themselves as babies and on their attitudes towards breastfeeding, 
measured prenatally. Standard errors in parentheses. 
Columns 4 and 5 show ATT- and ATU- PSM estimates of the effect of breastfeeding for at least 4 weeks including all the 
above variables as controls. We use the Epanechnikov kernel algorithm with 0.05 bandwidths, imposing the common 
support condition with the psmatch2 Stata command (Leuven and Sianesi 2003). PSM standard errors in parentheses 
computed by bootstrapping with 100 repetitions. 
Significance denoted by asterisks: * = 5%, ** = 1%, *** = 0.1% 
Source: ALSPAC core sample.  
 
Estimates in the first specification (column 1 in Table 4) indicate that breastfeeding is associated with 
test scores higher by about one third of a standard deviation, with coefficients ranging from 0.221 (Reading, 
KS1) to 0.464 (Science, KS2). As soon as parental education is controlled for (OLS: Specification 2) these 
estimates drop sharply, to approximately one third of their original size. Estimates now range from 0.085 
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(Writing, entry level) to 0.200 (Science, KS2). As we would expect, controlling for additional factors reduces 
the estimates still further – but in fact, not by very much. A case in point is the coefficient on English at KS3, 
which falls from 0.450 to 0.174 between Specifications 1 and 2, but only to 0.118 in Specification 3. This 
suggests that a very large amount of the heterogeneity between breastfeeding and non-breastfeeding families is 
captured by parental education, with all the other controls together (including attitudes to breastfeeding and 
intention to breastfeed) capturing only a small proportion after education is controlled for. The estimates in the 
third specification are of the order of 10 per cent of a standard deviation; most of the estimates remain 
statistically significant, although some estimates in the early years are not. 
Columns 4 and 5 present estimates of the ATT and ATU obtained via PSM techniques when all control 
variables are included. We use the Epanechnikov kernel algorithm with 0.05 bandwidths, imposing the 
common support condition. Due to the high quality data and the reasonable sample sizes, matching quality is 
very high. Table A.3 in the Appendix displays the mean values of the variables used in the analysis for the 
treatment and control groups after matching in each of the matching procedures performed – one for each 
testing period. Overall, the figures in Table A.3 confirm that our treatment and comparison groups, though 
initially somewhat different, look extremely similar after matching, with no significant differences in any of the 
36 background variables in the PSM for cognitive outcomes, and very small differences for only two of the 
variables in the PSM for noncognitive outcomes.  
The PSM estimates of the ATT (column 4) are essentially the same as the OLS coefficients with a large 
set of control variables. In general the significance levels are a little lower, but not for all outcome measures. 
However, the estimated relationships are still significant at all ages after school entry level, confirming our 
previous result that controlling for a wide range of factors, children breastfed for four weeks or more do better 
than children breastfed for less than four weeks by about one tenth of a standard deviation (slightly less at 
younger ages, and slightly more at older ages). PSM estimates tend to be slightly lower than OLS estimates 
controlling for the same set of background variables. This suggests that not taking into account the selection 
effect of breastfeeding may overestimate the actual returns to breastfeeding, but in this case only very slightly. 
However, the PSM results control for the mother’s selection into breastfeeding on the basis of observables, i.e., 
for the fact that more able mothers (who are more likely also to have more able children) are also the ones who 
are more likely to breastfeed. Therefore, the difference between the OLS and PSM results gives an indication of 
the size and direction of the selection effect.  
Column 5 in Table 4 presents results for the ATU. Differences between ATT and ATU suggest that the 
relationships between breastfeeding and child outcomes may differ between those babies who are currently 
likely to be breastfed, and those babies who are not currently likely to be breastfed. In fact, the ATU estimates 
are slightly higher than ATT estimates, suggesting that to the extent that breastfeeding does have a causal effect 
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on cognitive outcomes, that effect would be somewhat higher for children whose mothers are less likely to 
breastfeed them. 
Overall, our results from Table 4 provide evidence that breastfeeding is responsible a statistically 
significant, increase in SATs scores – around 10 per cent of a standard deviation, which translates roughly into 
about two positions in a class of 30 children. These results are consistent with previous findings. In particular, 
the magnitude of the coefficients coincides with the 9.1%-10.7% of a standard deviation reported by Denny and 
Doyle (2010), who also analyze breastfeeding for at least four weeks in UK children (National Child 
Development Study). These differences are visible at all the ages we consider (5, 7, 11 and 14) and across a 
range of subject areas. In fact, coefficients seem to increase in magnitude with time, in line with Cunha and 
Heckman’s (2010) hypothesis of early investments in children having multiplier effects in later childhood. This 
fact corresponds to the results reported by Del Bono and Rabe (2011), also for United Kingdom (Millennium 
Cohort Study). 
There remains a question however about the reliability of SATS scores. The presence of a random 
component of measurement error strengthens rather than weakens our conclusions, since this random element 
would serve to bias estimated coefficients towards zero. We have additionally aggregated the scores from all 
the tests taken in a particular key stage, since this process is known to reduce bias due to measurement error 
and the positive results of a comparable magnitude persist.8 There is an additional problem of what SATS 
actually measure. SATS scores are highly influenced by social class, as children from advantageous 
backgrounds are more likely to be prepared for the tests, or to go to schools which better coach them for these 
tests. We have controlled for a wide set of socio-economic household variables during the matching process, 
which may take care of the fact that children from more advantageous backgrounds may be formally or 
informally coached at home. Also, given that in the ALSPAC data there are lots of children attending the same 
schools, and there are not many schools, the second problem is likely to be less of a concern. As a robustness 
check we included school fixed effects in the six outcome variables measured after school entry. We obtained 
the same results, so we are confident that what we are capturing here is not the effect of better schooling.9  
Additionally, one may argue whether the observed relationships could be due to the absence of a direct 
measure of cognition, such as maternal IQ. We estimated the model on a restricted sample of mothers for which 
maternal IQ information is available (2817 obs.). We did not find any significant results, either including or 
excluding the maternal IQ variable in this sample. We interpret that this small sample is highly selected among 
motivated, willing mothers, where breastfeeding-for-4-weeks rates are more than 67%, instead of 55 percent of 
                                                 
8Results available upon request. 
9Results available upon request. 
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our general sample. This fact together with sample size may prevent us from finding any significant 
relationship between breastfeeding and cognitive outcomes.10 
Table 5 presents estimates of the relationship between breastfeeding and noncognitive outcomes 
(Rutter scores and SDQ scores) from OLS and PSM regressions. Three OLS specifications are presented. Each 
controls for whether the child was breastfed or not at four weeks of age. The first specification includes very 
few additional controls – only the child’s sex and his or her age at the time of taking the test. The second 
specification adds in a range of variables indicating parental education, while the third specification controls for 
the full set of variables described in Section 2. Estimates in the first specification indicate that breastfeeding is 
associated with better noncognitive skills, although the relationship is much smaller and less precisely 
estimated than in the case of cognitive skills presented in Table 4. Breastfeeding accounts for less than one 
fourth of a standard deviation, with significant coefficients ranging in absolute value from 0.196 (hyperactivity 
in Year 3) to 0.013 (conduct problems at 42 months). As soon as parental education is controlled for 
(Specification 2) these estimates drop sharply, to approximately two thirds of their original size. Significant 
coefficients now range in absolute value from 0.098 (conduct problems in Year 3) to 0.005 (peer problems in 
Year 6). The statistical significance of the coefficients is further reduced, and many stop being statistically 
significant altogether. As we would expect, controlling for additional factors reduces the estimates still further 
– although as in the case of cognitive outputs in Table 4, the decrease is not as large as when introducing 
controls for parental education. Significance levels drop quite substantially, however, and only hyperactivity 
and peer problems in Year 3 remain significant at the 5% level, with coefficients of -0.068 and -0.077, 
respectively. In addition, two measures not shown to be influenced by breastfeeding in previous results – 
conduct problems and prosocial behaviour at 42 months – now show a significant relationship, although, 
surprisingly, with a counterintuitive sign: it appears that breastfeeding may be negatively influencing the 
behaviour of relatively young children in these domains. 
                                                 
10
 Results available upon request. 
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Table 5: Breastfeeding and Noncognitive outcomes 
    (1) (2) (3) (4) (5) 
    OLS: Specific. 1 OLS: Specific. 2 OLS: Specific. 3 PSM: ATT PSM: ATU 
 
 
 
 
 
Pa
re
n
t, 
42
 
m
o
n
th
s Emotional difficulties -0.092 *** -0.062 ** -0.012  0.033  -0.017  (0.021)  (0.022)  (0.024)  (0.033)  (0.026)  
Conduct problems 0.013  0.027  0.075 ** 0.099 *** 0.080 * (0.021)  (0.022)  (0.024)  (0.028)  (0.031)  
Hyperactivity  -0.095 *** -0.069 ** -0.043  -0.054 * -0.006  (0.021)  (0.023)  (0.024)  (0.025)  (0.028)  
Prosocial  -0.029  -0.043  -0.054 * -0.092 ** -0.054 * (0.021)  (0.022)  (0.024)  (0.030)  (0.026)  
 
 
 
 
 
 
Te
a
ch
e
r,
 
Ye
a
r 
3 
Emotional Symptoms -0.089 ** -0.047   -0.029   -0.041   -0.043   (0.027)  (0.029)  (0.031)  (0.037)  (0.039)  
Conduct Problems -0.172 *** -0.098 *** -0.056  -0.021  -0.089 ** (0.025)  (0.027)  (0.028)  (0.031)  (0.034)  
Hyperactivity  -0.196 *** -0.093 *** -0.068 * -0.017  -0.115 ** (0.026)  (0.027)  (0.029)  (0.033)  (0.036)  
Peer problems -0.094 *** -0.084 ** -0.077 * -0.064  -0.080 * (0.027)  (0.029)  (0.031)  (0.037)  (0.033)  
Prosocial  0.086 *** 0.051  0.015  -0.050  0.038  (0.026)   (0.028)   (0.030)   (0.033)   (0.034)   
 
 
 
 
 
 
 
Te
ac
he
r,
 
Ye
a
r 
6 
Emotional Symptoms -0.091 *** -0.034  -0.006  -0.011   -0.019   
(0.025)  (0.027)  (0.029)  (0.029)  (0.039)  
Conduct Problems -0.129 *** -0.034  0.019  0.000  0.026  
(0.023)  (0.025)  (0.026)  (0.030)  (0.040)  
Hyperactivity  -0.154 *** -0.028  0.011  0.016  -0.015  
(0.023)  (0.025)  (0.026)  (0.034)  (0.035)  
Peer problems -0.034  0.005  0.012  0.025  0.023  
(0.025)  (0.027)  (0.029)  (0.036)  (0.036)  
Prosocial  
0.020  -0.030  -0.052  -0.061  -0.046  
(0.024)   (0.026)   (0.028)   (0.034)   (0.036)   
Notes: 
Columns 1, 2, and 3 show OLS regression coefficients of the different test scores on breastfeeding for at least 4 weeks. 
Specification 1 controls for the child’s age and sex. Specification 2 also controls for maternal education. Specification 3 
additionally includes the baby’s birth weight, crown-heel length, and head circumference; gestation and mode of delivery 
(vaginal or caesarean section); whether the child is twin; the mother’s age at birth; the mother’s race and marital status; the 
education levels of both parents, housing tenure, the size of the home, neighbourhood characteristics, whether the mother 
had been in care as a child, whether she had divorced parents, whether her carer died prematurely; the mother’s health, 
whether mother had smoked during pregnancy, the mother’s mental health; the mother’s labour market participation; and 
whether the mother and father had been breastfed themselves as babies and on their attitudes towards breastfeeding, 
measured prenatally. Standard errors in parentheses. 
Columns 4 and 5 show ATT- and ATU- PSM estimates of the effect of breastfeeding for at least 4 weeks including all the 
above variables as controls. We use the Epanechnikov kernel algorithm with 0.05 bandwidths, imposing the common 
support condition with the psmatch2 Stata command (Leuven and Sianesi 2003).PSM standard errors in parentheses 
computed by bootstrapping with 100 repetitions. 
Significance denoted by asterisks: * = 5%, ** = 1%, *** = 0.1% 
Source: ALSPAC core sample.  
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Columns 4 and 5 in Table 5 present PSM estimates for non-cognitive outcomes.11 Most relationships 
become statistically insignificant when controlling for selection on observables, so the first impression is that 
breastfeeding does not have a clear relationship with non-cognitive outcomes. This agrees with the limited 
existing evidence on the subject for the United Kingdom. Heikkila et al. (2011), using logistic regression to 
estimate the probability of abnormal behaviour on 5-year-old children, find no significant relationship between 
breastfeeding and any of the computed SDQ scores. They only find some evidence of a positive influence of 
breastfeeding on some noncognitive measures for children exclusively breastfed for more than 4 months. 
Kramer et al. (2008), using data from a large scale, randomized experiment in the Republic of Belarus, also 
report no consistent and significant differences in behavioural strengths and difficulties (SDQ) in 6-year-old 
children whose mothers were encouraged to breastfeed exclusively and for a longer duration. In the United 
States, however, Belfield and Kelly (2010) find some positive relationships in the case of motor scores and 
maternal attachment, irrespective of the breastfeeding measure used. 
A few significant coefficients are evident. In column 4, which presents ATT estimates, and column 5, 
which present ATU estimates, the surprising negative coefficients on breastfeeding for parental assesments of 
conduct difficulties and prosocial behaviour at 42 months of age remain. Both coefficients are somewhat below 
10 per cent of a standard deviation. So apparently, when selection on observables is controlled for, we find that 
breastfeeding is negatively associated, in the short run, with children’s development in the domains of 
antisocial behaviour and conduct difficulties. However, the fact that the significance of this result diminishes 
when the ATU sample is used calls for additional analysis. A potential explanation may be found in the fact 
that measurement error is likely to be larger in the case of parental assessments when a child is young. Johnston 
et al. (2011) show that expert psychiatric assessment places greatest weight on teachers’ views and rather less 
on those of parents, indicating a larger measurement error for parents’ assessments. Moreover, they also show 
that observers, both parents and teachers, tend to overstate problems of younger children relative to those of 
older children and adolescents, by the standards of the fully-informed expert psychiatric diagnosis. In the same 
vein, Kramer et al. (2008) note that, compared to teachers’ ratings, parents’ ratings tend to be higher and more 
extreme for all SDQ scales.  
Two other significant results must be commented on. The ATU estimates in column 5 indicate that 
breastfeeding is associated with a lower risk of conduct problems and hyperactivity in Year 3, but that these 
results do not persist to Year 6. These results, together with the beneficial results found on hyperactivity and 
peer problems for Year 3 (but not Year 6) children for the OLS method (column 3), may indicate that 
breastfeeding has a favourable effect over the medium term. Overall, nonetheless, we find little evidence of 
significant effects of breastfeeding at least four weeks on noncognitive outcomes.  
                                                 
11
 Table A.4 in the Appendix analyses the quality of matching for the procedures used in this table. 
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3.1 Heterogeneity of results 
By and large, results from Tables 4 and 5 show that whereas the relationship between breastfeeding and 
improved outcomes is persistent and statistically significant for all cognitive outcomes, the results for non-
cognitive outcomes are much less conclusive. It is possible, of course, that a degree of bias may still be driving 
either or both sets of results. Recent developments in matching methods emphasize that combining exact 
matching on key covariates with propensity score matching is a design analogous to blocking in a randomized 
experiment and can lead to large reductions in bias (Dehejia and Wahba 1999; Stuart and Rubin 2007). 
Therefore in this section, we stratify the sample with respect to especially relevant confounding factors and re-
estimate the model. In particular we investigate whether our estimated results vary across maternal education 
levels.12  
Table 6 reports the ATT- and ATU- PSM estimates of the relationship between breastfeeding and 
cognitive and noncognitive outcomes for each population group. We expect that stratifying by maternal 
education will have a fairly significant effect on results, given the effect mentioned earlier of including this 
variable as a control in OLS estimates. Columns 1 and 2 in each table present estimated ATT and ATU results 
for higher educated mothers (Degree and A-level) while columns 3 and 4 offer the corresponding results for 
lower educated mothers (O-level, vocational and CSE).13 With respect to cognitive outcomes, more substantial 
positive relationships emerge for lower-educated mothers. This is in contrast to previous results from Gibson-
Davis and Brooks-Gunn (2006) for United States who only find positive breastfeeding effects for mothers with 
at least some post-secondary education. Rothstein (2011) obtains larger effects for children of medium- to low-
educated mothers for some outcomes, but not others.  
In respect of noncognitive outcomes, our results show, interestingly, that although breastfeeding tends 
to be associated with worse short-run noncognitive outcomes for children of both high- and low-educated 
mothers, there are several positive medium- to long-term noncognitive effects for children of low-educated 
mothers. Thus, we find a decrease in prosocial behaviour at Year 6 for children of high-educated mothers, but 
we find a decrease in conduct problems, hyperactivity and peer problems for the children of low-educated 
mothers at Year 3. These results may be considered analogous to the benefits found by Belfield and Kelly 
(2010) for children below the poverty threshold and by McCrory and Layte (2011) for socially disadvantaged 
groups.14 
                                                 
12
 We also experimented with distinguishing pre-term births, as Heikkila et al. (2010), and ethnic origin, as Rothstein 
(2011), but the standard errors were too large, suggesting that those subdivisions of the sample were too demanding of the 
data. 
13
 We tried maintaining the five original education levels but sample sizes for most outcome measures precluded obtaining 
any reliable results. 
14
 We also found analogous results stratifying by maternal marital status, with children of non-married mothers obtaining 
greater benefits from breastfeeding. Results available upon request. 
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Table 6: Heterogeneity of results by maternal education. Cognitive and noncognitive outcomes. PSM 
estimates 
 
 
    Degree, A-level O-lev.,Vocat.,CSE 
 
    (1) (2) (3) (4) 
 
    ATT ATU ATT ATU 
Co
gn
itiv
e
 
O
u
tc
om
es
 
En
try
 
le
ve
l Reading 
0.068  0.107 * 0.075 * 0.067 * 
(0.065)  (0.049)  (0.033)  (0.030)  
Writing 0.011  0.108 * 0.017  -0.024  (0.055)  (0.050)  (0.033)  (0.037)  
Maths 0.001  0.060  0.032  0.020  (0.056)  (0.040)  (0.033)  (0.034)  
Ke
y 
St
ag
e
1 Reading 
0.156 * 0.156 * 0.041   0.066   
(0.076)  (0.072)  (0.040)  (0.045)  
Writing 0.054  0.107 * 0.062 * 0.069 * (0.046)  (0.043)  (0.030)  (0.032)  
Maths 0.091  0.138 ** 0.090 ** 0.089 ** (0.048)   (0.047)   (0.034)   (0.031)   
Ke
y 
St
ag
e
 
2 English 
0.000  0.055  0.080 * 0.122 *** 
(0.040)  (0.041)  (0.032)  (0.035)  
Maths 0.044  0.101 * 0.096 ** 0.114 *** (0.043)  (0.043)  (0.034)  (0.032)  
Science 0.025  0.083 * 0.142 *** 0.154 *** (0.034)  (0.038)  (0.032)  (0.034)  
Ke
y 
St
ag
e
3 English  
0.006   0.081   0.125 *** 0.100 *** 
(0.051)  (0.050)  (0.031)  (0.029)  
Maths 0.074  0.107  0.093 ** 0.112 ** (0.058)  (0.060)  (0.031)  (0.036)  
Science 0.061  0.073  0.083 * 0.110 ** (0.058)   (0.051)   (0.035)   (0.038)   
No
n
co
gn
itiv
e
 
O
u
tc
om
es
 
 
 
 
 
42
 
m
o
nt
hs
 
Emotional difficulties 0.062  -0.004  0.008  -0.020  (0.053)  (0.046)  (0.030)  (0.035)  
Conduct problems 0.136 * 0.076  0.054  0.075  (0.054)  (0.046)  (0.034)  (0.042)  
Hyperactivity  -0.068  -0.082  -0.033  0.042  (0.057)  (0.045)  (0.035)  (0.037)  
Prosocial  -0.096 * -0.057  -0.072 * -0.052  (0.046)  (0.042)  (0.031)  (0.032)  
 
 
 
 
 
Ye
a
r 
3 
Emotional Difficulties -0.077   -0.030   -0.010   -0.044   (0.060)  (0.056)  (0.039)  (0.052)  
Conduct Problems 0.066  0.017  -0.114 ** -0.130 * (0.042)  (0.055)  (0.042)  (0.051)  
Hyperactivity  0.060  0.013  -0.085  -0.158 *** (0.058)  (0.052)  (0.044)  (0.044)  
Peer problems -0.038  -0.098  -0.094 * -0.083  (0.070)  (0.059)  (0.041)  (0.052)  
Prosocial  -0.087  -0.041  -0.015  0.045  (0.059)   (0.052)   (0.044)   (0.047)   
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Table 6: Heterogeneity of results by maternal education. Cognitive and noncognitive outcomes. PSM 
estimates (Cont.) 
 
 
    Degree, A-level O-lev.,Vocat.,CSE 
 
    (1) (2) (3) (4) 
 
    ATT ATU ATT ATU 
N
o
n
co
gn
itiv
e
 
O
u
tc
om
es
 
 
 
 
 
 
Ye
a
r 
6 
Emotional 
Symptoms 
0.012   0.035   -0.017   0.002   
(0.054)  (0.047)  (0.046)  (0.046)  
Conduct Problems 0.001  0.032  0.013  0.046  (0.044)  (0.065)  (0.036)  (0.053)  
Hyperactivity  0.013  0.024  0.036  -0.016  (0.056)  (0.062)  (0.039)  (0.045)  
Peer problems 0.079  0.006  -0.005  0.041  (0.059)  (0.049)  (0.037)  (0.045)  
Prosocial  -0.108 * -0.117 * 0.000  -0.022  (0.054)   (0.055)   (0.041)   (0.045)   
Notes: 
The table shows ATT- and ATU- PSM estimates of the effect of breastfeeding for at least 4 weeks including all as controls 
the child’s age and sex, the baby’s birth weight, crown-heel length, and head circumference; gestation and mode of 
delivery (vaginal or caesarean section); whether the child is twin; the mother’s age at birth; the mother’s race and marital 
status; the education levels of both parents, housing tenure, the size of the home, neighbourhood characteristics, whether 
the mother had been in care as a child, whether she had divorced parents, whether her carer died prematurely; the mother’s 
health, whether mother had smoked during pregnancy, the mother’s mental health; the mother’s labour market 
participation; and whether the mother and father had been breastfed themselves as babies and on their attitudes towards 
breastfeeding, measured prenatally. We use the Epanechnikov kernel algorithm with 0.05 bandwidths, imposing the 
common support condition, with the psmatch2 Stata command (Leuven and Sianesi 2003). Columns 1 and 2 show ATT 
and ATU, respectively, computed in the sample of higher educated mothers (Degree and A-level). Columns 3 and 4 show 
the corresponding result for lower educated mothers (O-level, Vocational, and CSE). 
Standard errors in parentheses computed by bootstrapping with 100 repetitions. 
Significance denoted by asterisks: * = 5%, ** = 1%, *** = 0.1% 
Source: ALSPAC core sample.  
 
4 Deviations from CIA 
The previous stratified analysis reveals potentially larger effects of breastfeeding for disadvantaged 
children and a clear divergence between cognitive vs. non-cognitive outcomes. Our selection-on-observables 
method requires the conditional independence assumption (CIA) to give estimates a causal interpretation. 
Selection on observables is more plausible if an ample set of control variables is available. We contend that the 
very rich data we use mean that a high proportion of the propensity to breastfeed is explained by observable 
factors and the risk of bias caused by unobservable heterogeneity is low. The CIA is not a testable assumption 
with non-experimental data. Nevertheless, we provide some evidence on its plausibility using a double strategy: 
performing a falsification exercise (Heckman and Hotz 1989) and implementing a sensitivity analysis similar to 
that proposed by Ichino et al. (2008). 
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4.1 Falsification Exercise 
In this section we evaluate whether unobservables correlated with breastfeeding incidence and child 
outcomes could drive the previous results, by performing a falsification exercise (Heckman and Hotz 1989). 
The exercise consists of identifying a set of pre-treatment outcomes that could be related to these 
unobservables. If outcomes are measured before the treatment they cannot possibly be affected by the treatment 
unless there remains some selection bias not properly accounted for by the PSM method. Therefore, CIA is 
more plausible if the results indicate that the placebo outcome is not influenced by the treatment variable. 
Imbens and Wooldridge (2009) argue that if the variables used in this text are closely related to the outcome of 
interest, the test has more power. The placebo outcomes used for this exercise are a child’s birth weight, head 
circumference, and crown-heel length measures. Given that breastfeeding occurs posterior to the birth of the 
child, the only way in which breastfeeding could be associated with any of these outcomes would be the 
presence of selection effects, i.e., the presence common factors that affect the placebo outcome and the 
selection into breastfeeding that are not accounted for in the PSM. One such factor may be the mother’s IQ, for 
example. If more able mothers are also the ones more likely to breastfeed, failure to account for this 
unobservable will lead to over-estimation of the relationship between breastfeeding and a child’s cognitive 
development. In the Imbens and Wooldridge (2009) framework, birth weight is closely related to cognitive and 
noncognitive measures and therefore birth weight stands as our main pre-treatment proxy outcome. 
We also use maternal characteristics as dependent variables in this placebo exercise. Variables like 
alcohol and smoking intake before and during pregnancy partly reflect maternal attitudes towards children and 
could well be related to unobservables influencing children’s outcomes. It may be illuminating to consider 
whether the rest of observable characteristics we use as controls already control for them. 
Table 9 presents estimates of the relationship between breastfeeding and the placebo outcomes, for the 
different methods used. For most of the placebo variables considered, the estimated effects are insignificant, 
thus evidencing no selection on unobservables. However, we do find a negative association between 
breastfeeding and the number of cigarettes smoked at the 32nd week of pregnancy, with mothers who go on to 
breastfeed for four weeks smoking on average half a cigarette less per day than those who do not. This does not 
invalidate our methodology – it may simply demonstrate that cigarette smoking captures differences between 
mothers which other variables do not capture, and therefore that this variable is a useful component of our 
matching models. However, it may indicate a need for additional checks to the model.  
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Table 7: Falsification exercise. 
  (1) (2) (3) 
  OLS PSM:ATT PSM: ATU 
Birth weight -0.324   13.722   6.349   
 (7.255)  (8.849)  (11.547)  
Head circumference -0.038  -0.037  -0.023  
 (0.023)  (0.029)  (0.036)  
Crown heel length  0.043  0.096 * 0.033  
 (0.035)  (0.046)  (0.044)  
Smoked previously -0.002  -0.005  0.014  
 (0.008)  (0.009)  (0.011)  
Cigarettes at 32 w -0.524 *** -0.478 *** -0.587 *** 
 (0.087)  (0.093)  (0.136)  
Previous alcohol cons.  0.030  0.020  0.031  
 (0.017)  (0.019)  (0.020)  
Alcoholic drinks at 8 w -0.098  -0.092  -0.139  
  (0.088)   (0.092)   (0.114)   
Notes:  
Column 1 shows OLS regression coefficients of the different test scores on breastfeeding for at least 4 weeks. Columns 2 
and 3 show ATT- and ATU- PSM estimates of the effect of breastfeeding for at least 4 weeks using the Epanechnikov 
kernel algorithm with 0.05 bandwidths, imposing the common support condition with the psmatch2 Stata command 
(Leuven and Sianesi 2003). For each dependent variable, the rest of covariates in Table 3 are included as controls. These 
are the child’s age and sex, the baby’s birth weight, crown-heel length, and head circumference; gestation and mode of 
delivery (vaginal or caesarean section); whether the child is twin; the mother’s age at birth; the mother’s race and marital 
status; the education levels of both parents, housing tenure, the size of the home, neighbourhood characteristics, whether 
the mother had been in care as a child, whether she had divorced parents, whether her carer died prematurely; the mother’s 
health, whether mother had smoked during pregnancy, the mother’s mental health; the mother’s labour market 
participation; and whether the mother and father had been breastfed themselves as babies and on their attitudes towards 
breastfeeding, measured prenatally. Standard errors in parentheses. PSM standard errors computed by bootstrapping with 
100 repetitions. 
Significance denoted by asterisks: * = 5%, ** = 1%, *** = 0.1% 
Source: ALSPAC core sample.  
 
4.2 Sensitivity to Potential Confounders 
Since it is not possible to estimate the magnitude of selection bias with non-experimental data, in this 
section we address the problem by conducting a sensitivity analysis. The analysis builds on Rosenbaum and 
Rubin (1983b) and assumes that the CIA is not satisfied given the available observables, but would be satisfied 
if one could observe an additional binary variable U.  Ichino et al. (2008) suggest simulating this potential 
confounder in the data and using it as an additional covariate in combination with the preferred matching 
estimator. By comparing the estimates obtained with and without matching on the simulated confounder, the 
robustness of the baseline results with respect to specific sources of failure of the CIA can be assessed. In 
particular, the distribution of the potential confounder U is fully characterized by the choice of four parameters, 
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)*)(,1Pr( jyYIiDUpij =>==≡ with i,j∈{0,1}, where I  is an indicator function which takes value 1 
when the outcome value Y is greater than the mean outcome y*. The parameters pij give the probability that 
U=1 in each of the four groups defined by the treatment status i and the outcome value j. For example, if we 
consider that the unobserved factor is maternal skills, p11 can be defined as the fraction of skilled mothers 
among those who breastfed for at least four weeks and whose children’s test scores are greater than the mean. 
A value of U is attributed to each observation, according to its belonging to one of the four groups defined by 
the treatment status and the outcome value. The simulated U is then treated as any other observed covariate and 
is included in the set of matching variables used to estimate the propensity score and to compute the ATT 
according to the chosen matching estimator (Epanechnikov kernel in our case). Given the probabilities pij, the 
simulation of U and the matching estimation is repeated many times (200 in our case) and a simulated estimate 
of the ATT is retrieved by averaging over the estimated ATTs. This exercise may be repeated for different 
distributions of U. If conclusions are relatively insensitive over a range of plausible assumptions about the 
distribution of U, causal inference is more defensible. 
 Table 10 displays the results for our sensitivity analysis.15 This analysis only makes sense if the 
original estimates of the treatment effects are significant, so we only perform it for the cognitive measures. For 
each column, the first four rows give the four probabilities pij which define the distribution of the unobservable 
factor U by breastfeeding and outcome statuses.16 Column (1) gives the initial matching estimates using only 
observables as covariates. The rest of the columns present ATT estimates for different distributions of U. 
Following the available literature (Ichino et al. 2008), the distribution of the binary confounding factor is 
assumed to mimic different observable covariates. We have chosen especially influential or potentially 
problematic variables such as whether the child is a twin, whether the mother is cohabiting, the mother’s 
education level, maternal consumption of cigarettes during pregnancy, and whether the mother was breastfed as 
a child. For most of these assumptions on the distribution of the unobserved factor, ATT estimates remain very 
close to their originally estimated values. The estimated effects decrease on average by less than 1 per cent of a 
standard deviation when the distribution of the unobserved confounder resembles that of the variables Twin, 
Cohabiting, and Mother Breastfed, and by less than 2 per cent of a standard deviation when it mimics that of A-
level education and Smoking at 32 weeks pregnant. However, when the distribution of the potential confounder 
resembles that of the variable University degree, the estimated effects are cut in half (dropping between 4 and 5 
per cent of a standard deviation). Therefore, if we believe that there may be a potential unobservable with as 
much explanatory power as that of a university degree, our results could drop by half. Notice, however, that not 
                                                 
15
 We adapted a Stata program developed by Nanncini (2007) to perform the calculations. 
16
 The actual numbers provided by the table correspond to the probabilities calculated for Maths test scores at Key Stage 1. 
They change slightly for each outcome measure as the distributions of the outcome variables, even though highly 
correlated, differ among themselves. 
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even a confounder as strong as the one mimicking University degree overturns our main results. Even in this 
case, breastfeeding still accounts for an average 5 percent of a standard deviation increase in cognitive test 
scores. 
 
Table 8: Sensitivity to Unconfoundedness. 
    (1) (2) (3) (4) (5) (6) (7) 
    
No 
confounder 
  
Confounder 
like  
Twin 
Confounder 
like 
Cohabiting 
Confounder 
like 
Degree 
Confounder  
like 
A-level 
Confounder 
like Smoking 
at 32w 
Confounder 
like Mother 
breastfed 
 p11  0.00 0.01 0.15 0.23 0.30 0.11 0.60 
 p10  0.00 0.02 0.18 0.09 0.26 0.15 0.55 
 p01  0.00 0.03 0.19 0.05 0.19 0.20 0.38 
 p00  0.00 0.03 0.25 0.02 0.11 0.29 0.36 
En
try
 
le
ve
l Reading 0.096 0.095 0.091 0.051 0.082 0.076 0.083 
Writing 0.040 0.038 0.036 0.013 0.030 0.027 0.032 
Maths 0.052 0.049 0.046 0.019 0.029 0.037 0.039 
Ke
y 
St
ag
e
1 Reading 0.062 0.061 0.056 0.052 0.045 0.044 0.052 
Writing 0.076 0.076 0.069 0.035 0.055 0.057 0.076 
Maths 0.098 0.098 0.091 0.052 0.072 0.077 0.094 
Ke
y 
St
ag
e
 
2 English 0.066 0.065 0.059 0.010 0.039 0.049 0.056 
Maths 0.103 0.105 0.095 0.056 0.079 0.088 0.092 
Science 0.117 0.117 0.111 0.064 0.089 0.105 0.105 
Ke
y 
St
ag
e
3 English  0.113 0.113 0.107 0.064 0.085 0.097 0.108 
Maths 0.109 0.108 0.103 0.071 0.083 0.097 0.101 
Science 0.082 0.079 0.081 0.048 0.062 0.073 0.082 
 Notes: 
The first four rows contain the parameters pij used to simulate the binary confounders (U) in each column. For each 
column, the subsequent rows contain the simulated Epanechnikov-kernel ATT estimators of the effect of breastfeeding for 
at least four weeks when controlling for U, together with all other variables in Table 3, over 200 repetitions. Column 1 
shows our baseline results. In column 2 the confounder simulates the distribution of the variable Twin; in column 3, that of 
Mother cohabiting; in column 4, that of University degree; in column 5, that of A-level education; in column 6, that of 
Smoking during pregnancy; and in column 7, that of Mother breastfed as baby. Calculations performed using an adapted 
version of the Stata program sensatt (Nannicini 2007). 
Source: ALSPAC core sample.  
 
Taken together, the placebo exercise and the sensitivity analysis convey an impression of considerable 
robustness of our baseline matching results. On the one hand we find no effect of breastfeeding on birth weight, 
our preferred pre-treatment proxy outcome. On the other, when introducing simulated confounders, in most 
cases our baseline results show virtually no changes. All this supports our view that our results are not due to 
unobserved factors. This is not surprising given the high quality data that we use. Only when the distribution of 
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the simulated factor resembles that of University degree do we find a significant drop in estimated effects. 
Therefore the possibility that an unobserved confounder biases our estimated effects cannot be completely 
ruled out. However, the influence of this unobserved factor would have to be as strong as the influence of 
having a University degree, on both breastfeeding participation and children outcomes. Therefore if we believe 
that it is unlikely that another variable as important as maternal education exists, and has been omitted from our 
analysis, we may conclude that the main results presented in the paper are not driven by unobserved 
heterogeneity.  
5 Alternative Definitions of Breastfeeding  
A feature of particular interest in ALSPAC is the very detailed information it contains on 
breastfeeding. Before their babies are born, both parents are asked about their attitudes to breastfeeding and 
whether they had been breastfed themselves. At intervals following their child’s birth, mothers are asked how 
they are feeding their babies, including the stages at which infant formula and solid foods were introduced. 
From this, we are able to compute the duration of exclusive breastfeeding; the duration of breastfeeding; and to 
identify babies who were fed supplementary foods generally considered to be unsuitable (for example, coffee, 
coca-cola, and chocolate). In this section we study first whether there is a dose response to breastfeeding, and 
second whether what the baby is fed matters beyond breastfeeding.  
Considering breastfeeding as a dichotomous decision may be too simplistic. If the dose-response 
relationship is non-linear this methodology may not be adequately capturing the true impact of breastfeeding on 
cognitive and noncognitive outcomes. Furthermore, it may be argued that the absence of a dose-response 
relationship questions whether there is a causal relationship at all because if more is not better then it may be 
that the treatment effect is just due to correlation with some unobserved maternal characteristic.17 In addition, 
breastfeeding is not a monolithic activity of given duration and intensity. It is often undertaken in conjunction 
with some formula-feeding and, after a certain age, solid foods. In the first subsection we consider a continuous 
measure of breastfeeding and use OLS and the generalized propensity score (GPS) to capture the impact of 
length of exposure to breastfeeding on cognitive and noncognitive scores. In the second subsection we consider 
different indicators of exclusive and non-exclusive breastfeeding together with a measure of exposure to 
unsuitable foods at 6 months old. 
5.1 Breastfeeding Duration and Dose-Response Functions 
In this subsection, we examine the relationship between children’s outcomes and the duration of 
breastfeeding, including a quadratic term in duration in order to capture nonlinearities in the estimated 
                                                 
17
 We thank one of the referees for pointing this out. 
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relationships. Table 9 presents estimates from OLS regressions, with the first two columns showing estimates 
over the whole sample of children, and the third and fourth columns showing estimates over the subsample of 
children who were ever breastfed. The average duration of breastfeeding is about 4 months (17 weeks) across 
all children, and more than 5 months (22 weeks), when only breastfed children are considered.  
The signs and significance levels of estimated coefficients are consistent with the results in the 
previous dichotomous analysis, but they demonstrate marked nonlinearities, with clear diminishing returns to 
duration. Results for cognitive outcomes for the full sample at Key Stages 2 and 3 translate to an effect of a 
little over 3% of a standard deviation from first month’s breastfeeding, flattening off progressively until 8 or 12 
months of age, after which there is little additional effect18. 
Interestingly, the few studies which have examined breastfeeding duration tend not to allow for 
nonlinearities. Rees and Sabia (2009) find that an additional month of breastfeeding is associated with a 4.2 
percent increase in 12 year-old children’s cognitive scores with data from the US National Longitudinal Study 
of Adolescent Health, while Denny and Doyle (2010) report that each month of exclusive breastfeeding is 
associated with an increase of cognitive ability between 1.9% and 1% of a standard deviation for three- and 
five-year-old children in the UK Millennium Cohort Study. The estimates of Denny and Doyle (2010) would be 
consistent with a population average composed of a larger marginal effect at lower durations, and a lower 
marginal effect at longer durations. 
The second column shows results for the same model estimated on the restricted sample of breastfed 
children. The results are similar to those for the whole sample, although the estimated effects are rather smaller 
– perhaps because the sample is less heterogeneous, but also perhaps because the estimates exclude the margin 
between children who received no breastmilk and those who received any – a marginal effect which is likely to 
be relatively large. 
                                                 
18
 Our coefficients imply that cognitive scores will decrease after around 12 months’ breastfeeding, but this finding is 
almost certainly driven by functional form: observations are concentrated at lower breastfeeding durations and hardly any 
mothers in the sample breastfed for over 12 months. 
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Table 9: OLS regressions: coefficients on breastfeeding duration and breastfeeding duration squared. 
Cognitive and noncognitive outcomes. 
  
    (1) (2) 
 
  All children Only breastfed children 
  
    Breasf. Time Breastf. Time Sq.  Breasf. Time Breastf. Time Sq.  
Co
gn
itiv
e
 
o
u
tc
o
m
e
s 
 
 
 
 
 
En
try
 
le
ve
l Reading 0.025 ** -0.001 * 0.020 * -0.001  (0.008)  (0.001)  (0.009)  (0.001)  
Writing 0.013  -0.001  0.005  0.000  (0.008)  (0.001)  (0.009)  (0.001)  
Maths 0.01  0.000  0.002  0.000  (0.008)  (0.001)   (0.008)   (0.001)  
 
 
 
 
Ke
y 
St
ag
e
1 Reading 
0.016   -0.001  0.000  0.000   
(0.009)  (0.001)  (0.010)  (0.001)  
Writing 0.022 *** -0.001 ** 0.012  -0.001  (0.007)  (0.000)  (0.008)  (0.001)  
Maths 0.028 *** -0.001 ** 0.022 ** -0.001 * (0.007)   (0.000)  (0.008)  (0.001)   
 
 
 
 
Ke
y 
St
a
ge
 
2 English 0.031 *** -0.002 *** 0.020 ** -0.001 * (0.007)  (0.000)  (0.007)  (0.000)  
Maths 0.025 *** -0.001 * 0.020 ** -0.001  (0.007)  (0.000)  (0.007)  (0.000)  
Science 0.038 *** -0.002 *** 0.026 *** -0.001 * (0.007)  (0.000)   (0.007)   (0.000)  
 
 
 
 
Ke
y 
St
a
ge
3 English  
0.035 *** -0.002 *** 0.027 *** -0.001 ** 
(0.007)  (0.000)  (0.008)  (0.001)  
Maths 0.033 *** -0.001 ** 0.024 ** -0.001  (0.007)  (0.001)  (0.008)  (0.001)  
Science 0.03 *** -0.002 ** 0.015  -0.001  (0.008)   (0.001)   (0.009)   (0.001)   
No
n
co
gn
itiv
e
 
o
u
tc
o
m
e
s 
 
 
 
 
 
 
 
42
 
m
o
n
th
s 
Emotional difficulties 0.001   0.000   0.000   0.000   (0.008)  (0.001)  (0.008)  (0.001)  
Conduct problems 0.025 *** -0.002 ** 0.018 * -0.001 * (0.007)  (0.001)  (0.008)  (0.001)  
Hyperactivity  0.001  -0.001  -0.012  0.000  (0.008)  (0.001)  (0.008)  (0.001)  
Prosocial  -0.013  0.001  -0.014  0.001  (0.008)   (0.001)   (0.008)   (0.001)   
 
 
 
 
 
 
 
 
 
Ye
a
r 
3 
Emotional Symptoms -0.01  0.001  -0.007  0.001  (0.010)  (0.001)  (0.011)  (0.001)  
Conduct Problems -0.024 * 0.002 * -0.024 * 0.002 * (0.009)  (0.001)  (0.010)  (0.001)  
Hyperactivity  -0.009  0.000  -0.006  0.000  (0.009)  (0.001)  (0.010)  (0.001)  
Peer problems -0.015  0.001  -0.017  0.001  (0.010)  (0.001)  (0.011)  (0.001)  
Prosocial  0.003  0.000  -0.001  0.000  (0.010)  (0.001)  (0.011)  (0.001)  
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Table 9: OLS regressions: coefficients on breastfeeding time and breastfeeding time square. Cognitive 
and noncognitive outcomes. 
  
    (1) (2) 
 
  All children Only breastfed children 
  
    Breasf. Time Breastf. Time Sq.  Breasf. Time Breastf. Time Sq.  
No
n
co
gn
itiv
e
 
o
u
tc
o
m
e
s 
 
 
 
 
 
 
 
 
 
Ye
a
r 
6 
Emotional Symptoms -0.014   0.001   -0.013   0.001   (0.009)  (0.001)  (0.010)  (0.001)  
Conduct Problems 0.005  -0.001  0.007  -0.001  (0.008)  (0.001)  (0.009)  (0.001)  
Hyperactivity  0.001  0.000  0.003  0.000  (0.008)  (0.001)  (0.009)  (0.001)  
Peer problems 0.002  0.000  0.001  0.000  (0.009)  (0.001)  (0.010)  (0.001)  
Prosocial  -0.008  0.000  -0.005  0.000  (0.009)   (0.001)   (0.010)   (0.001)   
Notes: 
The table shows OLS regression coefficients of breastfeeding duration and breastfeeding duration square (measured in 
months) on the different cognitive and noncognitive outcome measures used. Both specifications include as controls the 
child’s age and sex, the baby’s birth weight, crown-heel length, and head circumference; gestation and mode of delivery 
(vaginal or caesarean section); whether the child is twin; the mother’s age at birth; the mother’s race and marital status; the 
education levels of both parents, housing tenure, the size of the home, neighbourhood characteristics, whether the mother 
had been in care as a child, whether she had divorced parents, whether her carer died prematurely; the mother’s health, 
whether mother had smoked during pregnancy, the mother’s mental health; the mother’s labour market participation; and 
whether the mother and father had been breastfed themselves as babies and on their attitudes towards breastfeeding, 
measured prenatally. Estimates in column 1 are obtained from whole sample of breastfed and non-breastfed children. 
Estimates in column 2 come from the restricted sample of breastfed children.  
Standard errors in parentheses. Significance denoted by asterisks: * = 5%, ** = 1%, *** = 0.1% 
Source: ALSPAC core sample.  
 
In order to assess the robustness of these results we implement an alternative method: the generalized 
propensity score (GPS). This approach, suggested initially by Hirano and Imbens (2004), extends the usual 
propensity score method to the continuous treatment case to analyze the effect of treatment intensity. Formally, 
denoting by t a potential treatment level, we are interested in estimating the average dose-response function 
µ(t)=E{Yi(t)}. The key identifying assumption is that selection into levels of the treatment is random, 
conditional on a rich set of observable covariates. And just as in the binary treatment case, Hirano and Imbens 
(2004) demonstrate that, adjusting for the generalized propensity score (GPS) (merely a scalar function of the 
covariates) removes all biases associated with differences in the covariates.19  
GPS methods are specifically designed to estimate the effect of different lengths of exposure to 
treatment. Therefore they refer to the subpopulation of treated units. We will thus use the restricted sample of 
                                                 
19
 In essence this method consists of three steps (Imbens and Wooldridge 2009). In the first step, we estimate the GPS r(t , 
x), that is, the conditional density of the treatment t given the covariates x. In the second step, we estimate the conditional 
expectation of the outcome as a function of the treatment level T and the score R: β(t,r)=E(Y|T=t,R=r). In the third step, 
we estimate the dose-response function, µ(t)=E{β(t,r)}, by averaging the estimated conditional expectation over the GPS 
at each level of the treatment we are interested in.  
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breastfed children, bearing in mind that these results may not be fully generalizable to the sample of never-
breastfed children.  
Figure 1 shows the dose-response functions, that is, the effect of different durations of breastfeeding on 
the aggregated cognitive and noncognitive outcomes considered, together with the corresponding 95% 
confidence bounds.20  For the sake of brevity, we only show graphs for the aggregated measures. We find 
consistent results for each of the individual measures. Panel A shows the dose-response functions for cognitive 
outcomes. The effect is clearly nonlinear, with breastfeeding duration increasing test scores at a decreasing rate. 
The graphs show a peak at breastfeeding durations lower than those suggested in the OLS regressions: again, 
results towards this end of the distribution need to be treated with caution, owing to relatively small numbers of 
mothers breastfeeding at these durations. This aside, we are reasonably confident in claiming a positive and 
nonlinear relationship between breastfeeding and cognitive outcomes, which is much less pronounced at 
durations higher than 8 months.  
Panel B presents the dose-response functions for the aggregated noncognitive scores. Following the 
ALSPAC Study Team (2008a) these aggregate measures include only the emotional difficulties, conduct 
problems, hyperactivity, and peer problem domains, associated with worse child behaviour, and thus exclude 
the prosocial domain.  
These results are interesting in the light of our previous estimates, which suggested very little in the 
way of relationships between breastfeeding and noncognitive outcome measures. Here, we see a possible 
explanation for this: the curves are extremely flat at the lower end (indeed in the case of the parental measures 
at 42 months, the curve slopes up at low durations), and it is not until two or three months’ breastfeeding 
duration that outcomes for breastfed babies appear better than outcomes for babies fed for the minimum 
duration. This may be the reason that we see so few differences in outcomes when we comparing babies 
breastfed for less than 4 months with babies breastfed for 4 months or longer: it appears that the positive 
relationship between breastfeeding and the noncognitive outcomes we consider do not kick in until longer 
breastfeeding durations.  
                                                 
20
 The GPS is estimated using a normal distribution of the logarithm of the length of breastfeeding, given the covariates. 
The balancing property is tested using 11 strata and four treatment intervals. The potential outcome at each treatment level 
is estimated using a quadratic approximation of the treatment and the GPS. The dose-response function is estimated at 
T=1,2,…12 months. Confidence bounds at 95% level are estimated using bootstrapping. We use the Stata programs 
gpscore and doseresponse (Bia and Mattei 2008) to perform the calculations. 
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Figure 1: Dose-response Functions for Breastfeeding Duration  
Panel A. Aggregated Cognitive Outcomes 
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Panel B. Aggregated Noncognitive Outcomes 
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Notes: 
The figures show the dose-response function for the corresponding outcome score and the 95% confidence bounds. All 
controls of Table 3 included in the estimation of the GPS. The GPS is estimated using a normal distribution of the 
logarithm of the length of breastfeeding, given the covariates. The balancing property is tested using 11 strata and four 
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treatment intervals. The potential outcome at each treatment level is estimated using a quadratic approximation of the 
treatment and the GPS. The dose-response function is estimated at T=1,2,…15 months. Confidence bounds at 95% level 
are estimated using bootstrapping. We use the Stata programs gpscore and doseresponse (Bia and Mattei 2008) to perform 
the calculations. 
 
5.2 Feeding indicators 
In Table 10 we provide ATT results obtained through propensity score matched samples for the 
different breastfeeding indicators. Our first indicator (column 1) is an initiation measure, whether the child was 
ever breastfed. The incidence of ever breastfeeding is 75% in the sample. The prevalence of any breastfeeding 
at 4 weeks (our main indicator, on which all previous analyses were based, column 2) is very close to the 
prevalence of exclusive breastfeeding (column 3); these stand at 55% and 42% respectively. Following Belfield 
and Kelly (2010) we also use whether the child was formula-fed at birth (column 4). The rate is 30%, which 
indicates moderate overlap between breast- and formula-feeding (about 5% of all children were both breast- 
and formula-fed from birth). An additional indicator is a measure of whether the child was fed supplementary 
foods generally considered to be unsuitable when he was 6 months old (column 5): this includes children who 
had ever been given coffee, tea, sweets chocolate, coca-cola, and other fizzy drinks at that age. The rate of use 
of unsuitable foods in the sample is 27%.  
For cognitive outcomes, all the estimated effects are consistent, of expected sign, and many are 
statistically significant, as previously found. Results for “ever breastfed” are broadly coincident with previous 
studies, though it should be mentioned that most previous studies report just an aggregate cognitive measure 
(Belfield and Kelly, 2010) or the results of pre-school tests (Quigley et al. 2011, Del Bono and Rabe 2011). 
Compared to those studies which report estimates of the effect of breastfeeding initiation on tests comparable to 
those we use, our results, ranging from 0.07 to 0.14 of a standard deviation, are closer to those of Rothstein 
(2011) for children 5 to 6 years old (0.06 to 0.10 of a standard deviation) than to the findings of Jiang et al. 
(2011) for 7-year olds (between 0.11 and 0.21 of a standard deviation), both for the United States. 
Turning to the results on exclusive breastfeeding, we do not find that exclusive breastfeeding is 
significantly more beneficial than any breastfeeding: when we compare estimated effects at four weeks, the 
coefficient on exclusive breastfeeding is not always larger than the coefficient on any breastfeeding, and 
sometimes it is actually smaller. This is in contrast with previous findings by Del Bono and Rabe (2011) who 
report significantly positive effects for exclusive breastfeeding at 4 weeks, but no significant effect for any 
breastfeeding at 4 weeks. Note, however, that they signal problems of weak identification for this latter 
measure. Our results are more similar to those of Quigley et al. (2011), who report that the association between 
exclusive breastfeeding and cognitive scores is broadly similar to that for any breastfeeding. 
The negative relationship between cognitive outcomes and having been formula-fed at birth coincide 
with estimates reported by Belfield and Kelly (2010) on their aggregated cognitive measure. As the measure 
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refers to children exclusively bottle-fed from birth, its effects are identically symmetrical to exclusive 
breastfeeding at birth. Since the effects of being formula-fed at birth are not always larger, in absolute terms, 
than the positive effects of ever being breastfed or put to the breast, this is further evidence that exclusive 
breastfeeding may not differ significantly from any breastfeeding in this respect. Therefore, we may concur 
with Quigley et al. (2011) that both exclusive breastfeeding and any breastfeeding are equally positive for 
children’s cognitive abilities. The finding that the intake of unsuitable foods is rather weakly related to the 
cognitive outcomes considered, may also reinforce the hypothesis that it is any breastfeeding rather than 
exclusive breastfeeding which matters in this case. 
It is also evident from these results that the relationship between breastfeeding and cognitive outcomes 
persists over the long term. In fact, the relatively increasing magnitude of the estimated effects is in line with 
Cunha and Heckman’s (2007, 2008, 2010) hypothesis of early investment in children having multiplier effects 
in later childhood. 
Results for noncognitive outcomes are also shown in Table 10. Again, not many of the estimated 
coefficients are significantly different from zero. This is consistent with the results of Kramer et al. (2008) from 
a large-scale, randomized experiment for the Republic of Belarus. Being formula-fed at birth shows significant 
harmful effects for Year 3 children, but these disappear in the longer term. The intake of supplementary 
unsuitable foods is also related to certain increases in behavioural problems, but only in the very short term (42 
months). 
Overall these results suggest that regardless of the measure used, breastfeeding shows a positive 
relationship with children’s cognitive outcomes, and that the magnitude of this relationship increases with age. 
On the contrary, infant feeding seems to have no such a clear association with children’s later behaviour. Our 
results for cognitive outcomes agree with those of Rothstein (2011) and Jiang et al. (2011), with a coefficient on 
breastfeeding initiation of less than one tenth of a standard deviation, and with Denny and Doyle (2010), with a 
coefficient on “any breastfeeding for at least four weeks” of about one tenth of a standard deviation. Unlike Del 
Bono and Rabe (2011), we do not find that exclusive breastfeeding differs substantially from any breastfeeding. 
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Table 10: Other breastfeeding measures.Cognitive and noncognitive outcomes. PSM estimates. 
Co
gn
itiv
e
 
O
u
tc
om
es
 
    (1) (2) (3) (4) (5) 
  Ever Any breastf. 
Exclusive 
breastf. Formula-fed 
Unsuitable 
foods 
  breastfed 4 weeks 4 weeks at birth 6 months 
                        
 
 
 
 
 
En
try
 
le
ve
l Reading 0.069  0.103 *** 0.115 *** -0.066 * -0.037  (0.036)  (0.027)  (0.026)  (0.031)  (0.025)  
Writing 0.031  0.064 * 0.050  -0.059  -0.016  (0.037)  (0.028)  (0.027)  (0.031)  (0.025)  
Maths 0.102 ** 0.043  0.028  -0.070 * -0.016  (0.035)  (0.027)   (0.026)   (0.030)  (0.024)  
 
 
 
 
Ke
y 
St
a
ge
1 Reading 0.082 * 0.076 * 0.043  -0.092 * -0.034   (0.041)  (0.033)  (0.032)  (0.036)  (0.029)  
Writing 0.071 * 0.076 ** 0.052 * -0.074 ** -0.082 *** (0.031)  (0.024)  (0.023)  (0.027)  (0.022)  
Maths 0.117 *** 0.119 *** 0.071 ** -0.120 *** 0.003  (0.032)   (0.025)  (0.023)  (0.027)   (0.022)   
 
 
 
 
Ke
y 
St
a
ge
 
2 English 0.084 ** 0.090 *** 0.078 *** -0.100 *** -0.082 *** (0.031)  (0.023)  (0.022)  (0.026)  (0.021)  
Maths 0.078 * 0.126 *** 0.089 *** -0.096 *** -0.028  (0.032)  (0.024)  (0.022)  (0.026)  (0.022)  
Science 0.128 *** 0.117 *** 0.088 *** -0.111 *** -0.005  (0.030)  (0.023)   (0.021)   (0.025)  (0.021)  
 
 
 
 
Ke
y 
St
ag
e
3 English  0.112 *** 0.146 *** 0.101 *** -0.105 *** -0.114 *** (0.033)  (0.025)  (0.024)  (0.028)  (0.023)  
Maths 0.066  0.110 *** 0.055 * -0.080 ** -0.037  (0.035)  (0.027)  (0.025)  (0.030)  (0.024)  
Science 0.141 *** 0.127 *** 0.084 ** -0.121 *** 0.004  (0.036)   (0.028)   (0.026)   (0.030)   (0.025)   
N
o
n
co
gn
itiv
e
 
O
ut
co
m
es
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m
o
n
th
s 
Emotional difficulties -0.004   0.007   -0.012   0.039   -0.002   (0.037)  (0.027)  (0.025)  (0.031)  (0.025)  
Conduct problems 0.037  0.075 ** 0.026  -0.017  0.067 ** (0.035)  (0.025)  (0.023)  (0.029)  (0.023)  
Hyperactivity  0.091 * -0.043  -0.055 * -0.058  -0.009  (0.037)  (0.027)  (0.025)  (0.031)  (0.025)  
Prosocial  -0.046  -0.089 *** -0.054 * 0.024  0.044  (0.037)   (0.026)   (0.025)   (0.031)   (0.025)   
 
 
 
 
 
 
 
 
 
Ye
a
r 
3 
Emotional Symptoms -0.044  0.008  0.001  0.061  -0.006  (0.052)  (0.037)  (0.035)  (0.043)  (0.034)  
Conduct Problems -0.005  -0.032  -0.087 ** 0.078 * 0.037  (0.047)  (0.032)  (0.030)  (0.037)  (0.030)  
Hyperactivity  -0.068  -0.047  -0.062  0.089 * -0.012  (0.051)  (0.034)  (0.033)  (0.041)  (0.033)  
Peer problems 0.053  -0.052  -0.046  0.095 * -0.032  (0.052)  (0.037)  (0.034)  (0.042)  (0.033)  
Prosocial  0.029  -0.005  0.064  -0.130 ** 0.056  (0.051)  (0.035)  (0.034)  (0.043)  (0.034)  
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Table 10: Other breastfeeding measures.Cognitive and noncognitive outcomes. PSM estimates. (cont) 
      (1) (2) (3) (4) (5) 
 
  Ever Any breastf. 
Exclusive 
breastf. Formula-fed Unsuitable foods 
 
  breastfed 4 weeks 4 weeks at birth 6 months 
 
 
                        
No
n
co
gn
itiv
e
 
O
u
tc
om
es
 
 
 
 
 
 
 
 
 
 
Ye
a
r 
6 
Emotional Symptoms -0.021   0.007   -0.015   0.033   -0.01   (0.046)  (0.034)  (0.032)  (0.038)  (0.031)  
Conduct Problems -0.017  0.032  0.005  0.034  0.011  (0.041)  (0.030)  (0.029)  (0.035)  (0.028)  
Hyperactivity  0.017  0.034  -0.023  0.067  0.03  (0.044)  (0.031)  (0.030)  (0.037)  (0.030)  
Peer problems 0.024  0.035  -0.020  0.041  0.01  (0.046)  (0.034)  (0.032)  (0.039)  (0.031)  
Prosocial  -0.005  -0.046  0.025  -0.005  -0.02  (0.047)   (0.033)   (0.032)   (0.040)   (0.032)   
Notes: 
The table shows ATT estimates of the effect of (1) ever breastfed, (2) breastfeeding for at least 4 weeks, (3) exclusive 
breastfeeding for at least 4 weeks, (4) formula-fed at birth, and (5) fed unsuitable foods at 6 months. The specifications 
include as controls the child’s age and sex, the baby’s birth weight, crown-heel length, and head circumference; gestation 
and mode of delivery (vaginal or caesarean section); whether the child is twin; the mother’s age at birth; the mother’s race 
and marital status; the education levels of both parents, housing tenure, the size of the home, neighbourhood 
characteristics, whether the mother had been in care as a child, whether she had divorced parents, whether her carer died 
prematurely; the mother’s health, whether mother had smoked during pregnancy, the mother’s mental health; the mother’s 
labour market participation; and whether the mother and father had been breastfed themselves as babies and on their 
attitudes towards breastfeeding, measured prenatally. We use the Epanechnikov kernel algorithm with 0.05 bandwidths, 
imposing the common support condition, with the psmatch2 Stata command (Becker and Ichino 2002). Columns 1 and 2 
show ATT and ATU, respectively, computed in the sample of higher educated mothers (Degree and A-level). Columns 3 
and 4 show the corresponding result for lower educated mothers (O-level, Vocational, and CSE). 
Standard errors in parentheses computed by bootstrapping with 100 repetitions. 
Significance denoted by asterisks: * = 5%, ** = 1%, *** = 0.1% 
Source: ALSPAC core sample.  
 
6 Conclusion  
This paper implements a rigorous analysis of the relationship between breastfeeding and children’s 
later cognitive and non-cognitive outcomes, attempting to disentangle the effects of breastfeeding from the 
effects of mother’s characteristics and other observable factors. Using ALSPAC, a very rich longitudinal data 
set, we implement PSM techniques and a range of sensitivity analyses. We find statistically significant 
relationships between breastfeeding and cognitive skills at all ages between school entry and Key Stage 3 (age 
14); these are very similar in magnitude regardless of the selection-on-observables method implemented (OLS, 
PSM-ATT and PSM-ATU). Children breastfed for four weeks or more do better than children breastfed for less 
than four weeks by about one tenth of a standard deviation across all the cognitive measures we examine. In 
fact, the coefficient becomes larger over time, with larger magnitudes found for older children. This is in 
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agreement with Cunha and Heckman’s (2008, 2010) hypothesis of early investments in children having 
multiplier effects in later childhood.  
On the contrary, we find much less evidence, under any of the selection-on-observables methods used, 
of a relationship between breastfeeding and noncognitive outcomes - although when we stratify the analysis by 
maternal education, we do find that breastfeeding is positively related with some of the behavioural outcomes 
we consider, for the group of children born to less-educated mothers.  
When considering different definitions of breastfeeding and breastfeeding duration, we find that the 
relationship between breastfeeding and both cognitive and noncognitive development is highly non-linear, with 
diminishing returns to duration. With respect to cognitive skills we find no significant differences between 
exclusive breastfeeding and any breastfeeding.  
Although we view our results as strong evidence that mother’s socio-economic background cannot entirely 
explain the observed effect of breastfeeding on children’s cognitive outputs, we acknowledge that unobserved 
heterogeneity may remain an issue - for example, one determinant of children’s cognitive outcomes which we 
are not able to consider in our analysis is the mother’s IQ. We note, however, that the richness of the data 
allows us to control for observed heterogeneity in a very precise way. Furthermore, we find that a very large 
amount of the heterogeneity between breastfeeding and non-breastfeeding families is captured by parental 
education, with all the other controls together capturing only a small proportion after education is controlled 
for. We contend that any remaining unobserved heterogeneity is likely to be low, as indicated by the 
falsification exercise and the sensitivity analysis performed to test the plausibility of CIA. 
The divergence in the observed relationships between breastfeeding and cognitive development on the one 
hand, and non-cognitive development on the other, suggests different channels via which breastfeeding may 
affect different aspects of child development. It may be that the contents of breast milk are a determinant of 
cognitive ability, whereas contact with the mother may be more important for developing the non-cognitive 
skills measured here. To the extent that breastfed and bottle-fed babies have a similar degree of contact with the 
mother, we may not expect breastfeeding to be closely related to non-cognitive outcomes. Nevertheless further 
research is needed to disentangle these issues. This would require large studies collecting detailed infant 
feeding data, mode of receiving breast milk, and, importantly, mother’s time spent with the child, feeding and 
not feeding the baby.  
Our results provide insights into the short term and long term relationships between breastfeeding and a 
range of child outcomes. We have not established beyond doubt that these relationships are causal, but we have 
taken systematic steps to disentangle the effects of breastfeeding from the confounding effects of other factors. 
To the extent that the estimated relationships are causal, the relevance of this research to policy is clear. The 
World Health Organisation recommends exclusive breastfeeding during the first six months, and the 
continuation of breastfeeding alongside solid foods for two years (World Health Organisation 2003). The UK 
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Department of Health has identified breastfeeding promotion as a key strategy in reducing inequalities in 
health, and has funded several initiatives and projects which aim to increase breastfeeding rates, particularly 
among women from disadvantaged groups (Department of Health 2003). Given the huge social gradient in 
breastfeeding rates, with the most privileged mothers currently being many times more likely to breastfeed than 
the least privileged mothers, our results show that breastfeeding may well be a significant route for the 
intergenerational transmission of human capital, and for policy-making aimed at reducing inequality.  
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Appendix A 
 
Table A.1 Effect of Sample Selection on Selected Variables 
  (1) (2) (3) (4) (5) (6) (7) (8) (9) 
  
Core  
Sample 
Bf  
sample Entry KS1 KS2 KS3 42 m. Y3 Y6 
Sample size 12268 11067 7738 9178 9964 8769 9320 5249 6018 
Breastfeeding at least 4w. 54% 55% 51% 52% 54% 52% 57% 55% 54% 
Breastfeeding duration  16.32 16.94 15.31 15.82 16.59 15.65 18.25 16.90 16.51 
Birth weight 3406.83 3418.78 3412.35 3414.90 3421.32 3411.14 3428.13 3423.07 3424.60 
Maternal education          
     Degree 13% 13% 9% 10% 12% 10% 15% 13% 12% 
     A-level 22% 23% 21% 21% 23% 22% 24% 24% 23% 
     O-level 44% 41% 44% 43% 42% 43% 40% 41% 43% 
     Vocational 9% 10% 11% 10% 10% 10% 9% 9% 10% 
No. Cigarettes, 32w preg. 1.86 1.92 2.07 2.07 1.90 2.01 1.68 1.77 1.96 
Notes: 
The table shows the number of observations, the proportions for dichotomous variables and the means for continuous 
variables used in the analyses. Column (1) corresponds to the total initial sample. Column (2) refers to the sample of 
observations with breastfeeding information. Columns (3) through (6) offer the calculations for the different samples of 
the cognitive analysis: at Entry level, Key Stage 1, Key Stage 2, and Key Stage 3. Columns (7) through (9) analyze the 
different samples used in the noncognitive analysis: at 42 months, Year 3, and Year 6.  
Source: ALSPAC Core Sample. 
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Table A.2 List of control variables used in the analysis 
Control Variables: 
Breastfeeding variables: 
Main control: A dummy variable (feed4wany ) that takes value 1 if the child was given 
any breast milk at week 4 after birth. 
 
Attitudes and intentions: An indicator variable (M_bf) that takes value one if the 
mother/father was breastfed as a baby; and a variable indicating breastfeeding attitudes 
of the mother and father (M_bfatt). 
Age at the time of the test:  
Four variables (tstEage, tst1age tst2age tst3age) that indicate the age of the child (in 
months) at which he or she sited the test.  
Socio-demographic variables (at or during pregnancy):  
Two dummies for house tenure (tenure_own and tenure_rent) that take value 1 if the 
mother owned the house or rented the house during pregnancy, the number of living 
rooms in the house during pregnancy (rooms), neighborhood indicators with higher 
values indicating a better neighborhood (neigh_q), a dummy indicating the mother’s 
race (white); three dummies (mastat) indicating the marital status of the mother at the 
time of pregnancy (married, cohabiting, or separated/divorce), 5 dummies (M_ed and 
F_ed) indicating the mother’s and father’s education level (CSE, Vocational, O level, 
A level, degree), an indicator variable that takes value 1 if the mother was in local 
authority care (M_care),an indicator variable that takes value 1 if she had divorced 
parents by age 17 (M_div17), an indicator variable that takes value 1 if the mother’s 
main carer died by age 17 (M_carer17); and an indicator variable (M_work18w) that 
takes value 1 if the mother was working at 18 weeks of the pregnancy. 
Health, pregnancy and delivery information:  
A dummy that takes value 1 if the child is a female (fem),a dummy that takes value 1 if 
the child is twin (twin); an indicator taking value one if the mother is in bad health 
status (M_badh), mother’s age at birth (M_age_b), number of cigarettes a day 
(measured at 23 weeks of pregnancy, M_ncigs_AN32w), an indicator variable 
(M_csec*) that takes value 1 if the mother had a cesarean section; the length of the 
gestation period (gest);and two measures of the mother’s mental health: the adult 
version of the Nowicki-Strickand locus of control scale (Duke and Nowicki, 1973) and 
the Total Crown Crisp score (Crown and Crisp 1979). 
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Table A.3. Quality of matching procedures: cognitive outcomes 
Breatsfed Not breastfed % bias t-test Breatsfed Not breastfed % bias t-test Breatsfed Not breastfed % bias t-test Breatsfed Not breastfed % bias t-test
Child's characteristics
Age 54.511 54.487 0.6 0.28 87.735 87.725 0.3 0.10 133.880 133.870 0.3 0.14 169.500 169.540 -1.2 -0.58
Female child 0.488 0.502 2.9 -1.23 0.438 0.453 -3.0 -1.10 0.500 0.507 -1.5 -0.74 0.505 0.505 -0.1 -0.03
Twin 0.015 0.014 0.7 0.40 0.017 0.015 1.2 0.60 0.015 0.014 0.8 0.51 0.015 0.015 0.1 0.04
Pregnancy
Mother working at 18w. 0.607 0.624 -3.6 -1.60 0.607 0.633 -5.2 -2.55* 0.606 0.629 -4.6 -2.41* 0.605 0.630 -5.1 -2.44*
No. Cigarrets at 32w 1.283 1.310 -0.5 -0.30 1.522 1.660 -2.5 -1.16 1.154 1.248 -1.9 -1.24 1.199 1.305 -2.1 -1.24
Alcohol consump. Before 2.611 2.603 1 0.46 2.635 2.625 1.2 0.59 2.648 2.654 -0.7 -0.38 2.621 2.623 -0.2 -0.1
Mother bad health 1.750 1.754 -0.7 -0.33 1.756 1.764 -1.3 -0.47 1.737 1.731 1.0 0.51 1.745 1.733 1.9 0.91
Mother locus/control 3.984 3.985 0.0 0.00 4.203 4.239 -1.8 -0.68 3.863 3.877 -0.7 -0.36 3.925 3.954 -1.4 -0.69
Mother CC at 32w. 14.490 14.390 1.2 0.57 14.924 14.959 -0.4 -0.16 14.282 14.083 2.5 1.31 14.330 14.159 2.2 1.02
Delivery
Mother's age at birth 29.237 29.117 2.6 1.19 29.034 28.870 3.5 1.34 29.433 29.345 1.9 1.01 29.273 29.158 2.5 1.20
Gestation 39.496 39.513 -0.9 -0.44 39.482 39.508 -1.4 -0.56 39.520 39.532 -0.7 -0.39 39.492 39.515 -1.2 -0.64
C-section 0.088 0.096 -2.7 -1.22 0.091 0.099 -2.6 -1.00 0.090 0.098 -2.9 -1.51 0.090 0.094 -1.5 -0.70
Birth
Birth Weight 3436.800 3428.700 1.5 0.70 3432.600 3423.400 1.6 0.66 3447.900 3440.000 1.5 0.79 3441.400 3440.700 0.1 0.07
Head Circumference 34.825 34.803 1.6 0.72 34.817 34.797 1.5 0.57 34.862 34.843 1.4 0.73 34.833 34.823 0.7 0.34
Crownheel length 50.579 50.556 1.0 0.48 50.541 50.449 4.1 1.61 50.625 50.603 1.0 0.53 50.601 50.588 0.6 0.29
Demographic variables
White mother 0.958 0.955 2.0 0.85 0.951 0.939 5.4 1.82 0.959 0.953 3.1 1.50 0.961 0.957 2.4 1.08
Mother cohabiting 0.163 0.176 -3.1 -1.42 0.165 0.171 -1.6 -0.81 0.158 0.167 -2.3 -1.26 0.161 0.179 -4.5 -2.23*
Mother single 0.019 0.018 0.3 0.18 0.025 0.020 2.5 1.16 0.019 0.020 -0.5 -0.30 0.019 0.018 0.0 0.03
Socioeconomic variables
Own house 0.831 0.824 1.5 0.74 0.792 0.781 2.4 0.95 0.833 0.832 0.3 0.15 0.833 0.828 1.2 0.60
Private rented 0.053 0.053 -0.2 -0.10 0.057 0.059 -0.6 -0.22 0.057 0.055 1.1 0.54 0.056 0.056 -0.1 -0.06
Number of rooms 1.662 1.683 -2.5 -0.97 1.633 1.618 1.8 0.63 1.698 1.700 -0.2 -0.11 1.664 1.665 -0.2 -0.08
Neighbourhood qual. 8.409 8.434 -1.1 -0.52 8.300 8.376 -3.4 -1.31 8.430 8.474 -2.0 -1.06 8.434 8.484 -2.3 -1.11
Psicosocial variables
Mother in care 0.018 0.023 -3.4 -1.67 0.020 0.020 0.0 0.00 0.016 0.019 -1.7 -0.97 0.017 0.022 -3.5 -1.68
Mother: divorced parents 0.135 0.139 -1.1 -0.53 0.145 0.145 0.2 0.08 0.129 0.130 -0.4 -0.23 0.132 0.135 -0.7 -0.35
Mother: carer died 0.098 0.089 3.1 1.41 0.100 0.099 0.3 0.11 0.099 0.095 1.3 0.66 0.102 0.097 1.6 0.74
Mother's Education
Mother degree 0.150 0.141 3.2 1.13 0.101 0.097 1.9 0.55 0.178 0.168 3.3 1.37 0.154 0.145 3.0 1.12
Mother A-level 0.281 0.277 0.9 0.38 0.256 0.252 1.1 0.35 0.293 0.296 -0.8 -0.35 0.291 0.290 0.1 0.03
Mother O-level 0.399 0.410 -2.2 -0.99 0.422 0.427 -0.9 -0.33 0.383 0.391 -1.6 -0.83 0.402 0.410 -1.7 -0.78
Mother vocational 0.081 0.081 -0.3 -0.14 0.097 0.099 -0.8 -0.32 0.071 0.070 0.2 0.12 0.072 0.070 0.5 0.26
Father's Education
Father degree 0.193 0.178 4.6 1.68 0.211 0.194 5.3 2.10* 0.238 0.226 3.4 1.48 0.210 0.192 5.6 2.19*
Father A-level 0.287 0.296 -2.2 -0.94 0.267 0.274 -1.7 -0.59 0.283 0.288 -1.4 -0.67 0.282 0.293 -2.4 -1.09
Father O-level 0.316 0.320 -1.0 -0.43 0.349 0.367 -3.6 -1.35 0.299 0.308 -1.7 -0.91 0.316 0.322 -1.3 -0.61
Father vocational 0.079 0.083 -1.4 -0.63 0.094 0.091 0.7 0.28 0.072 0.073 -0.6 -0.32 0.077 0.079 -0.6 -0.28
Breastfeeding Attitudes 
Mother breastfed 0.571 0.570 0.3 0.13 0.563 0.565 -0.4 -0.16 0.570 0.566 0.9 0.46 0.563 0.563 0.0 0.01
Father brestfed 0.357 0.358 -0.1 -0.06 0.338 0.345 -1.5 -0.53 0.369 0.366 0.7 0.35 0.359 0.356 0.8 0.34
Father's Attitud to BF 16.044 16.056 -0.5 -0.24 15.993 16.009 -0.7 -0.26 16.027 16.063 -1.6 -0.81 15.973 16.028 -2.4 -1.12
Entry Level Key Stage 1 Key Stage 2 Key Stage 3
 
Notes: Calculations performed with the pstest module in STATA (Leuven and Sianesi 2003). 
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Table A.4. Quality of matching procedures: noncognitive outcomes 
Breatsfed Not breastfed % bias t-test Breatsfed Not breastfed % bias t-test Breatsfed Not breastfed % bias t-test
Child's characteristics
Age of child 184.880 184.860 0.6 0.31 99.862 99.752 3.0 1.12 133.920 133.830 2.2 0.87
Female child 0.490 0.492 -0.5 -0.25 0.501 0.507 -1.1 -0.40 0.505 0.502 0.6 0.24
Twin 0.015 0.013 1.2 0.74 0.015 0.014 0.3 0.13 0.011 0.011 -0.1 -0.08
Pregnancy
Mother working at 18w. 0.618 0.645 -5.5 -2.82 **  0.610 0.632 -4.3 -1.65 0.610 0.635 -5.2 -2.07 *
No. Cigarrets at 32w 1.074 1.125 -1.1 -0.71 1.104 1.157 -1.1 -0.52 1.218 1.211 0.1 0.07
2.681 2.679 0.3 0.14 2.654 2.651 0.4 0.16 2.638 2.652 -1.7 -0.70
Mother bad health 1.731 1.738 -1.3 -0.65 1.727 1.729 -0.3 -0.11 1.741 1.733 1.3 0.55
Mother locus/control 3.766 3.757 0.5 0.24 3.827 3.832 -0.3 -0.10 3.870 3.908 -1.9 -0.78
Mother CC at 32w. 14.136 13.998 1.7 0.91 14.241 14.089 1.9 0.73 14.261 14.080 2.2 0.91
Delivery
Mother's age at birth 29.696 29.598 2.2 1.14 29.533 29.422 2.4 0.95 29.405 29.286 2.6 1.07
Gestation 39.527 39.546 -1.1 -0.60 39.536 39.529 0.4 0.15 39.528 39.541 -0.7 -0.33
C-section 0.093 0.099 -1.9 -0.96 0.094 0.099 -1.7 -0.65 0.095 0.095 0.0 0.02
Birth
Birth Weight 3449.500 3438.500 2.0 1.09 3451.800 3434.400 3.2 1.28 3453.800 3437.800 3.0 1.24
Head Circumference 34.871 34.869 0.2 0.10 34.872 34.860 0.9 0.33 34.877 34.853 1.6 0.68
Crownheel length 50.617 50.565 2.4 1.24 50.597 50.530 3.1 1.19 50.628 50.598 1.3 0.55
Demographic variables
White mother 0.970 0.963 4.4 1.96 * 0.971 0.966 2.6 0.97 0.963 0.956 3.9 1.45
Mother cohabiting 0.152 0.159 -1.8 -0.93 0.146 0.154 -2.1 -0.84 0.159 0.161 -0.6 -0.25
Mother single 0.019 0.017 0.9 0.57 0.023 0.020 1.4 0.63 0.018 0.017 0.6 0.30
Socioeconomic variables
Own house 0.846 0.847 -0.3 -0.19 0.853 0.843 2.4 0.98 0.836 0.834 0.7 0.30
Private rented 0.057 0.057 0.0 -0.02 0.046 0.052 -2.8 -1.06 0.054 0.056 -0.6 -0.24
Number of rooms 1.723 1.722 0.1 0.04 1.705 1.722 -1.9 -0.66 1.683 1.673 1.2 0.44
Neighbourhood qual. 8.436 8.481 -2.1 -1.08 8.531 8.534 -0.1 -0.06 8.459 8.481 -1.0 -0.42
Psicosocial variables
Mother in care 0.017 0.020 -1.8 -0.99 0.016 0.017 -0.8 -0.33 0.015 0.019 -2.6 -1.16
Mother: divorced parents 0.121 0.125 -1.2 -0.66 0.123 0.127 -1.3 -0.50 0.119 0.126 -2.0 -0.83
Mother: carer died 0.102 0.096 1.8 0.91 0.098 0.101 -1.0 -0.37 0.099 0.095 1.4 0.56
Mother's Education
Mother degree 0.207 0.199 2.3 0.96 0.184 0.168 5.0 1.57 0.168 0.159 2.7 0.89
Mother A-level 0.303 0.304 -0.4 -0.17 0.302 0.308 -1.6 -0.53 0.298 0.299 -0.1 -0.04
Mother O-level 0.355 0.360 -1.1 -0.58 0.369 0.378 -1.8 -0.68 0.391 0.393 -0.5 -0.18
Mother vocational 0.067 0.068 -0.3 -0.18 0.067 0.066 0.4 0.18 0.067 0.069 -0.7 -0.30
Father's Education
Father degree 0.266 0.251 3.9 1.68 0.252 0.222 8.3 2.68 ** 0.234 0.219 4.1 1.36
Father A-level 0.289 0.300 -2.5 -1.23 0.283 0.291 -1.8 -0.66 0.286 0.288 -0.4 -0.14
Father O-level 0.276 0.283 -1.5 -0.76 0.288 0.307 -4.0 -1.55 0.292 0.305 -2.7 -1.11
Father vocational 0.069 0.067 0.6 0.35 0.069 0.073 -1.2 -0.47 0.075 0.076 -0.4 -0.16
Breastfeeding Attitudes 
Mother breastfed 0.583 0.587 -0.7 -0.36 0.571 0.576 -0.9 -0.35 0.567 0.561 1.1 0.44
Father brestfed 0.382 0.383 -0.1 -0.07 0.376 0.377 -0.4 -0.13 0.363 0.346 3.8 1.42
Father's Attitud to BF 16.096 16.091 0.2 0.11 16.025 16.085 -2.6 -0.99 15.910 15.961 -2.3 -0.90
42 months Year 3 Year 6
 
Notes: Calculations performed with pstest module in STATA (Leuven and Sianesi 2003). 
